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Preface 

Hie contents of this thesis represent-the results 
of doing a software simulation of the hlnutenea D17B 
Conpater. The D17B computer is a general-purpose coaputer 
which was used in the control of the Hinuteaan filssile. 
fhis computer is being phased out of Air Force inventory, 
and as a result of being declared excess, it is being aade 
available to governaent egeneies end educational insti- 
tutions. She Air Force Institute of Technology Electrical 
Engineering Department hss acquired too of these co oputer s. 

Research has bean started at AFIT to sake the D17B 
coaputer operational in a laboratory environaent and to 
derelop applications. The sof fcsare simulation is a part 
of this research effort. Eie other areas being pursued at 
the present tics are toe design ar-d construction of a hard- 
wars control console, toe design and construction of as I/O 
interface for controlling a tape reader, tape punch, and 
teletype, and a description of the D17B coaputer and toe 
steps to be followed in rafrirsg it operational. 

I isant to express ny appreciation to Dr. Frank K. 
Broun and Or. Gary 3. Xassnt for proposing toe slawlation 
p ro &raM as an area of research and for their expertise as 
advisors for this project. Special acknouledgenent is due 
Bob Hitchell, a Systezs Engineer froa lieistrk Air Force 
Station, Ohio, for toe knowledge and docusantation which 
he has isparted to this research project. I aa also 
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grateful to the other fear students who 
In tills area for their help in unders 
of the D17B computer. 
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Abstract 

A software program has been written wMch v s'iaulates 
the functions of the Kinuteaan D173 coopater at the register 
transfer level. The sisulation prograa is written in the 
F03T3A2J Extended language to be used on the Intercom Systen 
(tele typo) of a CDO 6600 coopater systea. The siaulation 
prograa of the D17B computer nas developed at the Air Force 
Institute of Technology as part cf a research effort in 
aakicg a D17B operational la a laboratory eCTirbnasnt. She 
siaulation prograa has proven itself useful as a teaching 
aid and can be used for error cheeking prograa tapes to be 
run on the D173 ccnputer. It can also be used as a standard 
for the hardware version of the computer. The siculation 
prograa consists of a sain prograa and eight subroutines. 
The Bain prograa consists cf a reading and translation sec- 
tion which reads and Interprets input data, a nonconpute 
■ode section ~*Mch inplesents the loading and interaction 
functions, and a ceapute code section which inpleaants the 
search, read and write vzzarj, end execute functions. A 
progressing language for the D173 simulation prograa was 
forced uhich contains nucbers and load codes, switches, and 
Miscellaneous cosssands. The nlscellansous coazands include 
such functions as register display, cssory display, node 
tracing, and setting of flipflops. Exaaple pr u g raas run 
on the sinulated computer have been included to show the 
types of output available. 
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SOFTWARE S1KUIATIOM 
OF 
THE HimJTEKAH D17B COMPUTER 

I. Introduction 

The purpose of tails thesis is to describe the software 
sinulation program of the Kinuteaan D17B computer that has 
been developed, A softeare siisulatior. of the D17B coaputer 
vas developed as part of a research effort at the Air Force 
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Institute of Technology. This research effort was concerned 
with finding useful applications for the i>173 coaputer. 

There are several reasons why a siBulatlon of the D17B 
coaputer was written. This progras can be used in teaching 
the operation of the D17B computer. It can also be used 
as backup capability for running Dl?3 progress when the 
actual coaputer is not available. The cost important reason, 
however, is that the simulation prograa can provide error 
checks for the D173 progress which it executes. The hard- 
ware version of the D17B computer has no error checking 
capability. 

The simulation prograa was written to sisulate the 
D17B coaputer at the register transfer level. A register 
transfer approach Mas used because it allowed the D17B 
coaputer to be siculated at the information and data trans- 
fer level. Thus it was not necessary to sinulate the logic 
equations required to clear and set each f lipflop. Using 
the register transfer approach also allovs for the tracing 
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of tile inf oraatlon f loir in the sibilated eoaputer as data 
is loaded and progress executed, With this infornation 
tracing capability, the simulation prograa can be used as 
a teaching aid. 

General PI 78 Description . Bie D17B eoaputer is a snail, 
synchronous, serial, general-purpose digital cospater. It 
uas designed to be used in airborne control applications 
and was used in controlling the guidance and operation of 
a Klnuteaean Kissils. Ibis eoaputer has several' icportant 
characteristics of i&lch the following are inportant to an 
understanding of the sinulatlon prograa. (Bef 6:5-6} 

1. When tile D173 eoaputer is executing, all eoaputer 
operations are controlled by an internally stored prograa. 
This stored program can be entered by external input devices 
(tape reader, teletype, control console switches t etc.). 

2. the word length for this eoaputer is 27 bits, of 
which 24 are used in coaputatlon. The regaining 3 hits are 
spare and synchronizing bits and thus vere not needed in the 
siaulation prograa. For this reason the word length is 
treated as 24 bits throughout the reminder of tills thesis. 

3. She senary storage capability consists of a 6000 
rpa cagnetic disk with a storage capacity of 2935 words of 
which 2728 are addressable. The contents of senary include 
20 cold-storage channels of 128 sectors (words) each, a hot- 
storage channel of 123 sectors, four rapid access loops (U,P, 
E,H,) of 1, 4, 8, aisd 16 vords respectively, four 1-word 
arithaetic loops («,i.,H,I), ai-d two 4-vord input buffer 
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loops (V t B). Cold-storage channels are those ae a ory loca- 
tions which allow data to be stored only when they are 
enabled by an external switch. Bowerer, data can be read 
froa then at all tiises. Hot-storage channels can be used 
for storing and reading of caca without an enable switch. 
A loop consists of a word cr group of words which are con- 
tinually read and stored on the disk as it turns. A 1-word 
loop would be read and stored each wordtiae. For a ft ■ w ord 
loop, each word is read and stored in four word tines, an 
8-word loop is read end stored in eight -wordtises.- 'A word- 
tiae is the aaount of tise required to serially read and 
store the 2h bits of a word. All portions of eeasory described 
here hare been included in the sinulation prograa. 

h m She D173 computer p^rfor^s computations using the 
binary nurfcor systes Kith negative makers coins represented 
in two's coqplesent fora (sign plus two's coapleisent) . 

5. The instruction set for Oiis coaputer consists of 
59 instructions. The oneacnic and octal coding for each 
instruction is given in Appendix B. Also included with the 
instruction set is the nusber of wordtices required for the 
execution phase of each instruction. 

6. The input capability of tise D173 coaputer includes 
acceptance of detector, discrete, incremental, and character 
inputs. The detector input sets the D8 (detector reset) 
flipflop to "1* when a true leTel is put on the detector 
input line. Discrete inputs are true: or false levels en 
the discrete input lines. Incremental inputs are saepled 
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inputs that are Increaentally added to the input buffer 
loops (V,R). Character inputs are five bit codes generated 
by a teletype or tape reader and transferred to the 017B 
on the character input lines. 

7. The outputs that can be realized froa the D17B 
cosputer are binary, discrete, single character, phase 
register status, teleaetry, end voltage outputs. Binary 
output3 are cosputer generated levels of +1 or -1 available 
on -the binary output lines. A discrete output is a true 
level shich is put on one of 28 discratcoutput lines. Only 
one discrete output line can be at the true level at a tine. 
Single character is a cczputer generated five bit code of 
fee 4- aost significant bits of the accumulator plus a parity 
bit. 52a; character output is nade available on output lines 
for drivlag a teletype, a tape punch, or sons other character 
coded output device. Phase register status is the condition 
of the phase register flipf lops which is available for scn- 
ltoring on output lines. Teleaetry output is the bit config- 
uration of registers or voltage signals available on out- 
put lines for transdssiaa to teleaetry equipment. Voltage 
output is a cosputer generated analog voltage corresponding 
to portions of the accunulator contents idtlch is nade avail- 
able on output lines. 

8. Special features of the D17B coaouter include 
flag store, split-word arithmetic, and einlnized access 
tining. Flag store provides the capability of storing the 
present contents of the accunulator while executing the 
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next instruction. Split-word aritbnetlc is used in per- 
forming arithmetic operations on boto halves of a split 
word at toe save tiEc. A split word on the i>173 consists 
of 11 bits. Kininlzed access tining is the placing of 
instructions and data in asncry so that they are available 
with Minimus delay fr©3 the disk ceaory. 

In order to have the D17B coeputer simulation prograa 
siaulate the actual computer as closely as possible, all of 
the foregoing characteristics have been included. As a 
result of this siailarity, toe similatloa pro^*aa shows 
promise for usefulness as a standard for an operational 
D17B coeputer. By comparing the results of a test progras 
provided as input to both the hardware and software versions, 
register and instruction execution calfunctions in the 
hardware version can ba detected. 

The D173 computer can be loaded with progress and data 
froa punched tapes. She prograa and data are punched onto 
toe tape by a tape punch and a tope reader is used to 
enter this information into the D17B computer. The slnu- 
lation prograa is eztresely helpful in toe preparation of 
these prograa tapes t&ich are to be read into toe DiTB 
coaputer. The simulation prograa has toe capability of 
reading the sane punched tapes for input data as are used 
in loading the D173 computer. The simulation prograa helps 
in toe preparation of prograa tapes by detecting and loca- 
ting invalid syabols punched en the tape and by decoding 
toe prograa instructions. Tee siaulation prograa also has 
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the capability to detect addresses (locations in neoory) 
that are out of range of the present prograa being run. 
These capabilities have thotsxt the D17B coaputer sioulation 
prograjs to be very useful. 

Thesis Outline , Chapter II of this thesis contains a des- 
cription of Use structure and organization of the simulation 
prograa. She functions perf o**i2sd by the tain prograa and 
subroutines are discussed and a description of the variables 
used In writing the slaulatlQa progran is given. - Chapter 
III contains a description of the simulation language idiich 
is used as input data for the simulation rrogrea. Kethods 
for creating progress to be run on the slxmlated computer 
ars given end a setb&i for creating a shortened version of 
the 2»isauation language is presented. Chapter IY contains 
a listing of the error statements provided by the sisulatlon 
prograa. Chapter V contains exasple programs which hare 
been run on the simula t ed computer. Several pro gra aes are 
listed which show the types of output that are available froa 
the sinulatlon prograa. Chapter VI is the r^nvlrftlne chap* 
ter and contain* recoaaendations for additions to the siou- 
lation prograa to enlarge its capabilities. 

Four appendixes are included with this thesis to 
provide additional information and clarification to the D17B 
ccaputer- simulation description. Appendix A contains * 
listing of the slaulation prograa. Appendix B is a com- 
pilation of the D17B ir- traction set and *l lUtisn; and 
description of the D1?B load codes. Appendix C contains 
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figures. for- interpreting the slnulation p ro graa output 
results for binary, discrete, and voltage outputs. Appendix 
D supplies information for using the D17B simulation prograa 
at A31T. Also included in Appendix D is a condensed listing 
of the siaalaticn language. 

The description of the D17B cooputer simulation prograa 
presented in this thesis assumes the reader has a basic 2mov- 
ledge of the P173 computer and the procedures for prograzaing 
it. — Ho attespt is esde to describe the D17B computer or to 
describe D173 prograaaing nethods. For -indorsation: concern- 
ing these areas, the reader should refer to references 1 and 
h. 

Beferences 4, 5, 7, end 8 are the oain sources of 
information uce-i in writing the sisulation prosraia. Hef- 
erencc 4 is a training rsmual for the D17 computer «hich 
describes the functions and operations of the cospster. 
Beferance 5 is a collection of figures uhich show pictor- 
lally the D173 functions and operations. Seference 7 is 
an engineering casual with a function breakdown of the 
logic equations and timing diagrams of the cooputer 
operations. Beference 8 is an Air Force Technical Manual 
containing all the logic equations Ispleaented on the D17B 
cooputer. 
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II. 5X21 Cotspqtse Sfcaulattaa ProRTaW 

Oils chapter describes the or gan! ta tioa-and s tru e lur e 
of Oie D17B computer simulation prograa. In vriting the 
siculation prograa, the plan was to slaulate the actual 
coaputer as closely as possible. This close correlation 
between the actual cceputer and the simulation progr a a 
oakes it possible for a user to use both the coaputer and 
sisulaticn prograa using only one set of p ro &r aaaing tech- 
niques. However, there are several areas in the siaul&tion 



pr o graa nhera a quasi-siaulntion approach uas used. The 
quasi-slsulation approach uses the saae register Inputs 
and generates the sa.se results, but the sethods of obtain- 
ing «ie results differ. 

In preparing to -srrite the. sisulaticn program, several 
coaputer simulation Xssguages were studied, the predominant 
one being the Computer Design language (CDL) developed at 
tie University of irarylaad. This language consists of 
cocputer elements (register, aaoory, counters, etc.) and 
is described in the first five chapters of reference 2. 
Portions of the D173 cocputer simulation prograa were writ- 
ten in COL, but because of the nonavailability of a CDL 
coapiler, a transformation to the FCETHAH language was aade. 

The simulation prograa is written in the FQ5TRAK 
£ztended Language to be run on the Intercoa Systea (tele- 
type) of a CDC 6600 Cosputer systea. Instructions for using 
tbe sisulatlon prograa at A?I? are contained in Appendix D. 
Appendix A is a listing of the simulation prograa. 
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The D173 computer has several codes and addressee 
v - which it decoder; and uses in loading and executing a program. 
Karnaugh Maps ( /eitch diagrams) of the opsration codes, 
flag store code:;, load codes, and channel addresses are 
shovm in Figs. 1 and 2. These codes and addresses appear 
in the computer in binary forn. The operation code is a 
four bit code vised to determine the instruction to be 
executed. The flag store code is a three bit code which 
determines where flag store will ta',;e place. The load 
codes are five bit codes used in loadfc*g-&a4>?v~into -'the 
computer. An instruction address is a seven bit code 
which dcternirrjs the sector location 01 the next instruc- 
tion. The instruction channel address can only be changed 
by using e. transfer (11^0 instruction. A nur/bor address 
is a twelve bit code which consists of a five bit channel 
designation snd a seven bit sector location. Because 
FGflTiU:; instructions do not operate on binary data, a cor- 
relation between the operation code, flag store code, load 
code, instruction address, and number address of the D173 
computer and a number in the FOUTRAIJ program had to be 
made. This relationship was made by taking each code or 
address and changing the binary representation to its 
cqu.ivo.lent decimal representation. The decimal represent- 
ation was then used as the designation for the oode or 
address in the i'vii'iV.Ai! program. Included on the diagrams 
in i ? igs. 1 and 2 are the binary representation, the 
quasi-ocbal rev'rcsev.tatioii, tmd the POKTHAK designation. 
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A quasi-octal representation of the codes and addresses 

i 
i 

can be wade by ta?<:ing the binary representation and con- 

r— - - * . 

verting to octal. It is necessary to assume pseudo-zero 

bits in specific locations, The quasi-octal represen- 

i ' 

tation is discussed in the D17B Computer Programming; ' 

Manual (lief 1:3). The same type of correlation was a?.so 

i 
used in designating a sector location in the -FORTRAN pro- 

gran. Fig. 3 shows the correlation that' was made between 
the -P-loop, /-loop, tt-loop, E-loop, H-loop and a sector 

location. , ' —***.—•-•;■•" *'"' ""' ' 

The concept usod in writing the simulation program wast 
to have the person using it provide the sane data to the y 
program as he would if he were using the actual computer • 

in the laboratory. The switches mist bo turned .to the ' 

i 
prorer positions to accomplish loading and computing. The 

data must be error free to successfully execute a program. ' 

The type of display (register or memory) is specified by 

the user. ' j . , 

The D173 computer simulation program consists of a 
main program and eight subroutines. The -rnniri program is 'a 
compilation of three distinct sections each of which per- 
forms a ma^or function. These three sections are the 
reading and translation section, the noncomputo mode sec- 
tion, and the counute node section. Fig. *!• shows the pro- 
gran flow between those sections of the main program and 
the subroutines, , ' , 

The organization and structure of .each of the, sections 
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of the sain prograa will be discussed along ifitfa the func- 
tions perforaed by each of toe subroutine*. The^Tariables 
used In creating the slanlaticn prograa are also listed with 
a short description of ho* each is used. 



Beadier: and Translation Section- The reading and trans- 
lation section is the translator and interpreter portion 
of the simulation prograa. AH input data is read, inter- 
preted, and translated in tMs portion of the cain prograa. 
A transfer of Gyration to the nonconpute node or one of 
the subroutines is cade to utilize this data. The pro- 
grassing language accepted as valid data by toe simulation 
prograa is described in detail in chapter 111 of this 
thesis grid i5iU not be diseased in the following descrip- 
tion of 125© rcsdinj- end translation section. 

The reading end translation section is physically 
located at the beginning of the simulation prograa. tihen 
the simulation prograa is loaded for execution, execution 
begins at the start of this section. The first output 
produced by this section is a heading containing the 
nane of toe simulation prograa, the dace, and toe tise 
at toe beginning of execution. The remainder of toe read- 
ing and translation section is responsible for the reading, 
Interpreting, and translating of input data.- Input data 
is read as alphabetic or numeric characters (hollerith). 
This data Is then interpreted as octal or binary data, a 
load code, a switch designation (setting), or a niscellaneous 
input or oosrand. The niscellaneous inputs or ccssands are 
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responsible for a variety of functions Which include the 
following: register and ceaory display, discrete data, 
increoental data, setting of flipflops, and node tracing. 

If data is interpreted as octal data, binary data, or 
a load code, a translation is cade froa the holler! ch 
representation tc binary integer date consisting of l's 
and O's. This binary integer data is then supplied to the 
noncoRpute node of the simulation progren uhere it is 
utilized. A switch designation results in a switch variable 
being loaded with the designation. hi&ceHaneous' input or 
cosaand data results in either the storing of input data or 
toe flagging (setting to 1 er 0} of variables Khich control 
prograa flow. 

Flea charts rhcwing tJse organiE-tlon and structure of 
the reading and translaticr. section are shovm in ?irr s « 5 
thru 7. ?ig. 5 sho:*s the interaction and interpretative 
capability of fee simulation prograa. i'igs. 6 and 7 are 
extensions of the flowchart shooi in i'if. 5 and shew the 
results of interpretation of switch Assignations and inter- 
pretation of miscellaneous inputs and coczands. 

?son-Conrie:te I'cjc . '-potion . IThis section of the sinulation 
prograa sisulates the n^nconpute code of the DI7B computer. 
The noncospute code can b« divided into two categories each 
performing a rajor functior. These tv?o categories are non- 
coaputc load and noncospute nonload. Tf'c noncoapute nonload 
function co-prisc- the fo!!o*.:inn nodes: "prepare to operate' , 
•sync bit counter 1", *cy:-c tit counter 2*, "casual halt", 
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and "program halt". In the prepare-to-operate aode, Bade 
control fllpflops aro initialized,, itaring sync bit counter 
1 and 2 Bodes, a synchronizing between the clock tract: bit 
counter and the bits of a word is ssade. Ihe onnral halt 
■ode is used for idling, preparing to load, and preparing to 
coapute. The prcgraa halt node is entered by execution 
or a prograu halt instruction. The noncoepute load function 
is mde up of the follosin^ sodes: r uait*, 'prepare to 
saaple", "sasple code*, 'parity check" , ai£L * process code". 
The valt cede is used for idling nhilc-*aii4ng for- input 
data. The prepere to sample Eode is entered when data is 
detected en taie input lines. In the sample code aode the 
input data is read. She parity cheel: zsode is used for 
check? 115 the input da^2. for ode. yaritj-. In the process cede 
node the input data is decoded and processed according to 
the deciphered code. 

Fi£. 8 is a flov-chart of the noncenpjtc isode Kfcieh 
shovj the pro£T3*s flou between these Erodes, jthis flowchart 
was used in writing this part cf the simulation pro^ran. 
Pig. 8 is draun as a reitch diapran Kith the ?sode control 
flipflop strte^ zs tii« rror^ean variable^.. «* an a$2 in 
tracing through the noneenpute zx>5.c section of the sirr-fation 
progran, ti*e aode control flipflopr. have been incited as 
coiT-fSitt cards. The jsodc control fHpf3ops are listed as 
beinr: set to r l T or s 0". In the D??3 corputer these 
flipflops were actually set, hpxevcr, they sere not needed 
in the simulation ps v >'jn'.c- j*vCci;sc of the ^eqwntiai fi~» 
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that occurs in a FGB33M! procraa. Two additional figures. 
Figs. 9 and 10 have been included anion giva a further 
breakdown of the rrograa flaw in the "oanual halt" node 
of noncospute nonlcad and in She "process code" cede of 
noncoapute load. 
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C oapute Kcde Sect3.cn . !?:ic section of the siaulation 
pr-cgraa simulates the coapute sode of the 1*173 oosputer. 
The coapute code consists of Ecies union perforss five 
aajor functions: "nuatoer search", "nusser read", 
"instruction search", "instruction read*, end "execute". 
She nnatber search, nuaiber read, instruction sealer., and 
instruction read codes are equivalent to t2»e fetch cycle 
associated with other ccsputcrs. The execute aode is equiv 
alent to the execute cycle. T.v&5st search and instruction 
search locate the act?, ^ord in :se=ory uhile number read 
and instruction read unload the locate tford froa a ea or y 
into a register. Execute results in the execution of one 
of the 39 instructions in the instruction set of the D175 
computer. The compute code section of the simulation pro- 
graa uas uritten usint; the above functions. A flowchart 
uhich sho»»s tae prograe flo» in the coapute code section 
is given in Fig. 11. 



S'lbrousir.ps . The subroutines assoc?iiied with the DI?B 
computer simulation progrca sere cade for vhree purposes: 
1. Those functions t&ish sere needed several tines 
throu.\h the isro^ran «ere cresit'.-d a^ subroutines. 
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Subroutines falling into this category are Subroutine LOAD, 
Subroutine U3L0SD, and Subroutine DISPkiY. 

2. Those functions vbich are only called froa one 
place in the izsin progras, but vhich are of such isiportance 
and. easnitude that a separate location is beneficial in the 
organisation of the simulation prcgraa. 1 Subroutines in this 
category are Subroutine STQ3S, Subroutine FI/iGSTO, and i 
Subroutine ISHtSX. . 

— 3« 5hose functions «hich-i5ill not be used very fre- 
«£nentlv. therefore thoy could be rerawsG^favxa-tthe simulation ! 
prograa if it uas deiersined that they were not really needed. 
This weald result in a decreased iseaory core size needed for 
execution of the simulation prcpras. IIoseTer, to be able : 
to utilise all the isi traction set of the I>173 computer and 
all the chasmel desifsraiioss thrise functions had to regain 
as a part of the simulation ptrc;^aa. Subroutines in this x 
ceterrory arc -Subroutine DI.iC*L32 and Subroutine il;C£EK2. 

k description of the function performed by each of the : 
sUferoutinsi* vtll be £iven. Tae crder of explanation is the 
order of appearance on the prcgras listing located* in 
Appendix A. 
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Subroutine ^^_3K. Sfois subroutine perforss the store 
<SfO) insti-octior. t&ich stores the contents of toe ace- 
UHulstor i»: the rsejiory address i;i#en in oits 12 thru"! of 
the instruction register. A normal loading of st^ory is 
porfcrc-ed for all charr-el desi rations except the single 
word channels (A ,!,!,,•.,}, channel 7" '/-?-o**>?), and ch^-nnel 
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72 (R-loop). The store instruction cannot store in single 
word loops. Storage in channels 70 and 72 provides the 
D17B with real tir-e control. Storage in channel 70 results 
in a whole word addition of the accumulator contents to 

t 

the addressed v» ? ord of t'ne= --loop if the fine countdown 
flipflop (?C) as "0" set. If F0 is "l" set, a noroal store 
takes place. Storage in channel. 72 results in a -'pliu word 
addition of the accumulator contents to the addressed word 
of the R-loop if F0 is r0 c set-. If FC is *l* set no store 
is siiowed. * This subroutine can detect- -eriteneous switch 
settings which terminate the run upon return to the gain 
prograa. - , - 



.Subroutine 



[his subroutine provides the function 



s ■ c 



of loading the contents of the accumulator into addressed 
icersory locations ". 'ihs areas of* •zzasTy-. that can be loaded 
by the subroutine are: 20 cold-storage oeEory channels 
(channels 00 thru VS), the hot-storage sezx>ry channel (chan- 
nel 50), channel 52 U-*-loop), channel 5"± (H-loop), channel 
56 (E-loop), and channel 60 (U-loop). This subroutine can 
also detect erroneous switch settings tthich will terminate 
the prosraa run. k call is sadc to this subroutine froc 
both the noncocsouto rode section and the cosoute code section 
of the sain pro£ra:=. ' 



c 



Subroutine -."FT.- ad . This subroutine performs the func- 
tion of unloading: an nddressed .word of assory iT»to the 
^-register. Vhe information unUc-'-ded i£ then used either 
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as an instruction or an operard number. This subroutine 
can unload datr. froa all addressable oessory channels. Data 
unloaded froa channels 7C and 72 is increEental data used 
for real tiae control. If the channel designation is 
either 70 (V-loop) or 72 Q-loop), one of tv:o possible actions 
can take place. Per the v r -loop, if VK (incremental input 
flipflop; is "0 s set then normal unloading occurs, however, 
if VK is B l* set then the one's coisplenant of the V-loop 
is unloaded. The sense conditions apply to the E-loop and 
the settings of 7iK ( incremental input r-fii^-iop)^- :" This sub- 
routine can' detect out of range conditions for the cold- 
storage and hot-storage cenory channels. 



Subroutine I-*IA=~ 



-This subroutine perforas the func- 



tion of deciphering flag store location bits (bits 17, IS, 19) 
of the instruction register and storing the contents of the 
accumulator in the deciphered channel at the sector address 
associated ^ith the execution of the present instruction. 
The fliig store codes provjde fcr storing in the folloifing 
channels: hot-storage sensory channel (channel 50), channel 
52 (r-loop), channel 9* (H-loop), channel 56 (E-loop), 
channel 60 ("-loop}, c-nd channel 6> (L-r-egiscor). Hie 
•essaining t*co flag store possibilities are flag store 
tele&c-trr signal and flag store idle. 

Subroutine iill-Hr.Y . Subroutine DIoPLlY provides the 
s initiation progran with the capability of displaying the 
binnry contents of all registers and loops, 'Ihis subroutine 
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has two entry points, miTBY REGl and EilSBY EE&2. Entry point 
ESSl is called frora the reading and translation section of 
the oain program and performs the function of interpreting 
the arguments given with the register coaaand. An argusent 
consists of a register designation enclosed in parenthesis 
inssediately following a register coanand. If a valid arg- 
ument exists, the variable Eegistr is set to one. Kegistr 
being one set allows the sain prograa to denote a register 
or loop to be displayed.- A call to entry point HEG2 is then 
Bade to deiceraine if the contents of teat-register- or loop 
should be displayed. Entry point SB32 checks to see if the 
register or loop was specified in the register cozssand arg- 
ument, if not a return is Bade to the isain prcgraa. If it 
was specified then its contents -irill be displayed as output. 

Subro-Ttir.s II^IC^Y . This subroutine provides the cap- 
ability of displaying the contents of aesory (channels 00 
thru 50) whenever the r°Eory cotirani is specified. Upon 
entry into this subroutine a check is Bade of the aesory 
cotsand argument to detersine ii the display should be in 
octal or binary. .'. aesory cosssnd argument consists of 
either BIKAS'f or 0C2.U. being enclosed in parenthesis issed- 
iately following a aeaory coEaswd. If no arguoent was 
specified, the default condition of GCSiL is used. In 
displaying the contents of neaory, only those portions of 
oenory that have been written into since ssoory was last 
initialised Kill be shoiai in the output listing, iiesory is 
initialized vy writing ton decinal 9's into each word of 
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uecory. This condition is then chocked to deteraine if the 
contents have changed, and if they have, the contents of that 
location are printed as output. 






t 



■ r 

k 

: ? 



Subroutine 3I3CR5T . This subroutine provides the cap- 
ability of entering discrete date and storing it for use 
in a prosrss usinr ine discrete input instructions (DIA or 
DIB). Subroutine DI3C5D!l~ has tso entry points, fiTISY DISC 
and EUTZZ DUI. Entry point DISX is called to interpret 
and translate X-discrete inputs and -store thea for use 
daring a procraa ru::. 19 bits sake up each X-discrete 
input. A saxinua of ten X— discrete input requests is aliened, 
because the stora-s area data array in the F0333AK prograa 
is dimensioned for 10, 

Sntry pains DISS, is called to interpret and trans- 
late X-ai 5cro te inputs £nd ct'rc. Ivach Y-discrete input 
consists of Zh bits. A ctiximin of ten Y-discrete input 
requests is allowed, bocai;se the storage area data array 
in the FGfixii.-.;.* pronraa is dimensioned for 10. 

Subroutine V.: Ci7.h.:c . rhis subroutine provides the cap- 
ability for entering incremental data into the four acrds 
of the V-lcop or the fot»r Kcrds of the li-loop. Subroutine 
WC-ZZIZ has tiro entry points, EHTJ*x IUC3. «Lnd ZSS21 IHCV*. 
ajtry point T.'.CR is called to interpret ai?d translate 
E -incremental inputs rr.d store in S-ioop. £ach i:~incre- 
JEsntal input is usde up of 2* bits, ?our il-increaental 
input r*.q*:estr rill il-c- Ji-ioop .o:d entering another request 
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causes tiord. of the B-loop to be loaded with the new data. 
Additional inputs fill word 1, word 2 9 and word 3 with new 
data. This sequence can continue indefinitely. 

Entry IHC7 is called to interpret and translate V-ino- 
rene nt al inputs and store in V-loop. Each V-increnental 
input request is composed of 24- bits. Four Y-lncreaental 
input requests fill the four words of the V-loop and 
additional input requests cycle through the four words 
anain filling thea with new data siaUar to the B-loop. 
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Slsul&tip n Frograa Variables . This section contains a 
conpilation and description of the variables used in the 
D17B cccputsr simulation progras. A cosplete alphabetical 
llstisf; is mde of the variables with descriptions of their 
sain uses within fee prograa. Several of fee variables have 
been used for core than one function. They are described 
as having no Eais. UD^gs. Por these particular variables 
and several others, the reader should refer to the computer 
printout and note the use cade of then in each instance 
they have been used. The variables chat are in this category 
are discussed at the end of this section. 

Each of the variables in the simulation progran are 
integer variables or have been declared as such in an 
BITEGX2 stateaeni, except the variables "Volts* and 
•Voltage" iSaich are real variables. 

Tiic listing and description of the variables is as 
follous: 

A (2*0 - Accumulator, consists of 2fc bits. 
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AX 
BIHA2Y 

c(5) 

CB(5) 



C3AS 

ceos 

C?(5) 
i>(5> 



K(8) 
Ed 



V.^lZ 



- Carry, borrow flipflop. 

- Binary=G represents octal designation. 
Binitry=l represents l>inary^besignation. 

- •.-perand channel register, consists of 5 
flipflops. 

- Operand channel buffer register, consists 
of 5 flipflops, copies tae 5 least sig- 
nificant bits of instruction register, 
for 'X s special instructions. 

- Contains ?CSSia2i channel designation. 

- Used rainly for "FCHlS. \iI ope ration code 
designation. 

- Co23cn registers used for storage and 
sanipnlation of inforsstticn in prograa. 

- Instruction channel register, consists 
of 5 flipflop. 

- !>:- terete output register, consists of 
5 flipflops. 

- Discrete switch. 

- Set to e ? r -.fesn output uill be dispeceo 
to high sjisca. printer; set to *H* other- 
wise. 

- Detector reset flipflop. 

- H-loop, consists of 3 xords. 

- Cold-storage sssory write switch. 

- ?-loop, consists of *■ uords. 

- Pir.e covntdo:n2 flipflop. 

- Initiate loading s-fitch. 

- ."la^ store rector desi-^iator. 

- -ot in ixmivil halt code to rJ or i. 
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0(3) 

K(16) 
HALT 

KCCDZ(S) 

1(24) 

IK&G 
1333 



ioi-Jr 



IT(5) 



KEP3 



K5I3 



snitches to asanual halt node. 

- Binary output register, consists of 
3 flipflops. *—=*=• "'- 

- H-loop, consists of 16 words.' " 

- Dais »ord containing hoUerith 
characters C KAL2". 

- Data array Khich contains hexideciresl 
cede for nusfsers 8 thru 15. 

- Instruction register, consists of 
24 flipflops. 

- Contains calCiJLated ^"V^if-deslspsation 
fc*2* instruction channel. 

- Kechanical input switch. 

- Set in zsnual halt aode to flag IK 
switch to aanisl halt code. 

- Sat to designate neaory data to be 
unleaded into instruction register 
rather than nuaber register. 

- Contains calculated Pviff3t--H designation 
for instruction sector. 

- Input transcission lines, contains the 
k- bits of information and a parity bit 
which nahe up the input data for octal 
and lead cedes. 

- Ccnptite sole suitch, three-position 
stitch (Hun, Halt, Single). 

- Set to 1 by an KF£ insructica, used in 
pro^raa control after an HPSi instruction 
has been executed. 

- .set to 1 by an K?a instruction, used to 
fla~ :; switch to pro-yrzn halt izode. 
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KSIlsG 



L(24) 
LIS? 

LIS21 

S(123,2i) 

KK(8) 



i.2 






irt.;* 









J:Cv.*« -i •? 






- Set to 1 in nanual bait node to flag K 
switch or ? signal to annual halt code. 

- Loser aoeuaulator, consists of 2* bits. 

- Contains nuaber of executions* specif ied, 
has a default of 50. 

- Counts the mete? of executions in 
CGspy.te soda end coEjpares with the 
nvsbp-r specified. 

- r.e&ory storage array, consists of 2683 
uords vrhich includes cold-storage and 
hot-storage son^ry. 

- data arrry with ASCII»code designation 
for ?.oad codes. 

- Set to I when input is to he in ASCII- 
cods,*; set to 2 vhen :\SCIJ-code is to be 
read fro:? *?:pe2; set to 3 Khan ASCII- 
cole 5-s to be rsad froca *?ape3; reset 

to at md of .-.SJII-code. 

- Master reset svritch, (sossntary on type). 

- llvzber re-is tc.% consists of 2*- bits. 

- Data vord containing hollerith 
charactor * *. 

- Zees. tai?ts calculated s^'iHr-AII desip^tion 
for operand channel. 

- Counts input data colirens, reset t> 
at count of 73. 

- Data ;;ord containing hollerith 
character % T . 

- Set to 1 in a cubprcsrac! vhen fatal error 
has bjen encountered, terminates run 
upon ret.im to :^in prccrn:?. 
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KLIST 



ULiVU^f 



iSS3(10) 



KE?A3-s:i 



II32CT 



1SI{27) 

hu'0HD(72) 

0(*) 



H3) 



rn — ..-- 



- Data word containing 9999999999, used to 
initialize neaory and detect out of 
range conditions.- - — -rrr^^' 

- Data array containing decioal-: integers 
C thru 9, used in detecting valid 
argument in execute coeaaand. 

- Data word containing Hollerith 
character r ( = . 

- Uata crray containing hollerith 
characters of the registers and loops, 
used in displaying the contents of loops 
and registers. ^-.., :•_- - - -'• ' 

- Data «ord containing hollerith 
character ) ■ . 

- Contairis calculated FC-2u3A:-J designation 
for operand sector. 

- used in several different applications 
tiirou'hcut prcgran. 

- Dat2 array used Eainly for interpreting 
fcata, siritch settings, and cor-nsnds. 

- An array used to store 72 characters 

of input data Khich are to be interpreted. 

- Operation-code storage register, consists 
of h llipflcps. 

- Data srord containing hollerith 
characters •</??*. 

- Data Kord containing hollerith 
characters C C-W S . 

- Data -rford containing octal one. 

- riszce register, consists of 3 flip-flops. 

- Vscu 5n ceveral different arvolicaixoas 
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IS 

3£3(10) 
iiSGIST 



31 

BIS 
33(3) 

sig:l\l 

SI2KSI5 

T 
22AS 






through prograin. 

Power on/off switch. 

3-loop, incremental input loop 
consisting of * nords. ~ * 

Array ifhich is set toy register coiasand 
to display those registers and loops 
given as arguaents. 

Variable uhich contains the code of the 
register or loop that has just changed 
infonsation. 

Counts number of incremental inputs to 
B-loop, reset to 1 at count of 5- 

S-loo? incremental flipflop, can be set 
to 1 or by program input. 

Data Y.QTO. containing Hollerith 
characters ^Hl^i*. 

ri&g code buffer register, consists of 
3 flipflcps, nse& in calculating loca- 
tion to ;*ich flagstore will take place. 

used Lainly to contain f GH'ISAK sector 
designation. 

-/triable set oy signal co&sand, if set 
to 1, nodes of operation will be traced. 

Data »?ord containing Hollerith 
characters "31110-13*. 

fining signal, (ssoEentary on). 

Set to 1 by x2A instruction, used in 
controlling prograa operation after a 
T2,\ instruction has been executed. 

-3et to 1 in *..ait z»de, used to flag 
? signal to isait node. 
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v(*) 

VI 



ms) 






?OL*?S 



y*!:^ 



X( 19,10) 



XI 



XI 



7(24,19) 



ai 



Yl 



- U-loop, consists of 1 word. 

- V-loop, incremental input loop which 
consists of 4 words." ~~-'—~ 

- Counts nunber of increraental inputs to 
V-loop, reset to 1 at count of 5. 

- V-loop incremental flipflop, can he set 
to 1 or C by prograa input. 

- Voltage output register, consists of 
8 flipflops. 

- Variable used in calculating analog 
volta;re desirpiated_by contents, of - 
volts ^e output rerrister. 

- Data array uhich contains nuabers used 
in calculating: voltage output. 

- /?riable i£iich is set to the nursber of 
uorsi tines req-*ired for execution cf 
each instruction. 

- Array v:hich stores I-C-discrete input data 
to c?2 used in projraa n-n. 

- Counts nuaber of X-discrete inputs, 
Bszinua of 10 is allowed. 

- Counts nuaber of X-discrete inputs used 
in prosraa, uhen greater than JH it 
assumes value of XI. 

- Array uhich stores i-discrete input data 
to bo used in prograa run. 

- Counts number of Y-discrete inputs, 
asziaua of 10 is allowed. 

- Counts nun-bor. of Y-discrete inputs used 
in profran, uhcn greater th^n YI it 
scsi-i:2s \-tlv.o of i*I. 
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- act* word contalnics ostal «ero. 






The uajor portion of the varieties include*! in this 
listing have tee saae naae as used in the D173-cospttter 
literature. ?or comparison purposes, th3 reader is referred 
to the documents p3rtaining to the D173 cospater listed in 
the bibliography. (Sef 6:110-iHr) 

She following variables s scoe of lAid: appear in the 
above listing, have been used iu several different appli- 
cations in the simulation program: " "Code" , ■Coarcg" , 
■Bus*, -Fnase", 'Sect*, »/oltaga», "Jl*, »I2», «I3*, "I*", 
■*I5", end r l6", Ihese variables have been pointed out 
for those in teres sed in codifying the sltaulation prograa 
or for those interested in implementing the sinulatioii 
programs on a different coc?*iter system. 

A description of the organization aid structure of the 
Dl?3 jtospster sirsuiai-ion rrcgras; ~ms been given in Oils 
chapter. Sie norct area to be covered is the simulation 
language accepted by tee simulation pro g r a a. 
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III. Pi 73 Coaputar Slradata .'-n l<ragaaae 

This chapter describes the sirolation-lasci&ge under- 
stood and accepted by Vse D173 coaputer simHsMxpc prograa. 
The simulation language is t&e input iata to fee sisulatiTa 
program. Ket'sods for prosrssain^ the sisulatod ccssj-xtad ar* 
discussed along vitb a eethnd lor creat*™; a shortened 
YerCJ «si of the eiauUUsa lcr™3e. Error detection cap- 
abilities of the sisolatica: progrEa are presented in chapter 
IV. Chapter V Mill present seas examples of prcyreas feat 
have bees run alccc wtfe fee tipes of output that are avail- 
able. 

For paoposes of presentation, fee simulation prograa 
language is divided into fee follo-.ring categories: numbers 
and load codes, ssixchzz , end ciscsliassou? inputs and 
cc2£232sds. A description of the clesa&ts of fee simulation 
Xai^ia^e in each of these categories will be f£ren along *«"iih 
guidelines for using each. 

Kvsibsrs end X-osd. Cede s. The sssiber sj3tes?s and load codes 
excepted by the siizulatior- proigrs's are: 

Octal ncibers - 0, 1, 2 f 3, *» 5» 6, 7 

Binary numbers - 0, 1 

Load Codes - HALT, L0C*TI0I;, F3XL, VEEIFX, CCKPUS, 
E^T£H, CI£&H, DlILSxS (A des&rirticn of 
che Load Codes is given in Appendix B) 

•Xfcree different representations of the nus&ers and load 

codes can ba specified. By cpecifyir..? OCTAL, BIK&BX, or 

KK&IJ, an octal representation, a binary rspresentetioa, or 
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an ASCII representation of the numbers and load codes can 
be used. The representation of the nuabers and* load codes 
in the three specifications are as follows: 

Octal Binary ASCII 
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Hussars - 
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10000 ' 
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00001 
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5 00010 : 
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10011 
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5 


10101 
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. 10110 
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Lead Codes 


— KSzlJX 


01000 


8 


- 




T *v». or— ■ 


11001 


9 


■ 




FILL 


1 iicio 


2 






?2£I?? 


01011 


• 
* 
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COMPUTE 


11100 


< 






E!2Ii3 


01101= 


: = 






CLSAH 


011:10 


y\ . 






DEL2SS 


11111 


?. 








Uhen OCTAL is specified /nrabers and load codes isust be 
In tae octal representation. When BIHABX is specified num- 
bers and lead codes ausfc be in the binary represents tior. 
When lu&X is specified nu^brrs and load codes oust be in the 
ASCII represent ition. Pr-.-^raa tapes to be run on the I>173 
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'computer are in the ASCII representation. The default 
specification Is OCTAL. 

To terminate an octal or 'binary representation, all 
that is required is to specify another representation. To 
terminate an ASCII representation requires that the letter 
"K* be supplied after the last ASCII input syabol. Doing 
this will cause the procrais to revert to the octal repre- 

* 

sentaticn or binary representation which it had before HKAIi 

i 

was-specified. ; 

The default specification is ass*<?se&-4£~£ft- error results 
in; program termination, » if the poifcr switch is turned off, 
or if RSTJITIALIZATIOli is specified. 

Switch es. "»*ith the simulation langvsige in this category it 
is' possible- to spscify 'switches and designate a setting or 
code. The simulation pro.^ra3 accepts these svritch desig- 
nations and provides : this information to prograa variables 
associated with the switches.. 

The fora for specifying switches, is as follows: 

Switch(Arg) 
where Switch is the designated switch laaeaonic naae, and Arg 
is the switch setting or i^ode position' of the switch. 

The switches and alleged settings are as follows: 



Switch -!aae 
Tisinc Si.^nal 
loser On/i.'ff Switch 
Initiate Loridinr* Switch 



Switch I^neconic & Settir.-s 
T(CCO 

ra(o:i), fh(o??) 
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Easter Beset Switch K3(0H) 

Cold-Storage Write Switch SW(GHX, Efc'(OFF) * 

Discrete Switch DD(Otf), DD(OFF)" 

Kechanical Input Switch ir:(OJI) 

Conpute Kode Switch K(HALT), K(SIMGLB), K(fiUS) 

Tining Signal . The tiding signal is produced auto- 
matically for the octal and ASCII representations* There- 
fore T(C5) need be used only after each binary representation 
of a nusber or Iced code. The ti-aing signal is turned off 
by the program. 

reus? On/Off Switch . The power switch oust be turned 
on after each loading of the binary deck, and this Bust 
be cons before the rsastsr reset switch is turned on tc pre- 
vent an abnormal progran termination. Once the power switch 
is turned on, it regains on until it is turned off or fee 
prograa is halted and r 2iID 0? 13CSH&K* is printed. The 
default condition for the power switch is CFF. 

Initiate Leading: Switch . This switch is turned on to 
initiate loading and pats the simulation prograa in the 
wait code of nonconpute. It is a nosentary on type switch 
and is turned off by the prograa. 

Cold-Storage Urite Switch. The cold-storage write 
switch is an 02/off type switch that allows writing on the 
cold-storage channels (channels 00 thru 46) of oeiaory when 
turned on. "».'hen the switch is off, no writing is allowed 
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and any atteiapt to write will cause an abnormal pro<*ra3 
terai'iation. Cr.ce 3*{GK) has been specified this condition 
trill rcssain until it is turned off or until the prograa is 
halted and S £:ID OF FH0C-2AK" is printed. The default con- 
dition for the cold-storage write switch is CF?. 

Master ^esefc S^iitch. The master reset switch is turned 
on to initialise certain flipflops, synchronize the bit 
counts? and sector track, load the instruction register with 
a transfer (-I7:A) instruction to channel 00, sector 000, and 
put the si3ulated computer into the isanual halt code of 
nonccspute. The raster raaet switch is a eoasntary on type 
switch and is turned off by the prograa. 

Discrete Jwitch. ! -ha discrete switch is an on/off 
type nritch that; &ilcwj writing on the hot-storage channel 
(channel 50) of nesory arid allows discrete outputs when 
turned on. i/hen this switch is off no writing is allowed 
on c^oroel $Q and any atter-pt to write will cause an 
abnormal program tersination. Also lihen this switch is off 
no discrete outputs can appear which will be reflected in the 
output listing by the printing of the following statement: 
*DISCE2?s SuITC-i IS OF? - D1SGZ222 OUTPUTS /,S2 DIoABLSD". 
Gnce DDiCi:) has been specified, this condition will resain 
until it is turned off or until the program is halted and 
r H.D of r2v;:-.".:-. a is prirtcd. The default condition of the 
discrate switch in tKF. 
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j -'echanical Inout >.-ritch . The mechanical input switch 
is used fop putting the computer in the ^ait code of non- 
conpute frcs the idle subcode of ranual halt. Uhenerer IK(Oii) 
is specified it cost be followed by an ?o(Cli) to put the 
conputer in the vrait isode. Failure to do this causes an 
abnorral prorras ternjiriation. The Ecchanical input switch 
will be used very infrequently. The nechanical input switch 
is a nonentary on type svritch ana is turned off by t2ie 
prof^-aia. 

Coryoute "ode Switch. l*he compute oode switch is a three 
position switch that can be set at KUi;, Sl«vl£, or H.4I/L* 
positions. :."iih the switch set at the iIAX.2 position, only 
functions in the noncenputo ssde can be performed. Setting 
the switch at the 2V.:. or lii.:'}UZ positions allocs the computer 
to ester the ccr.put2 rede, if the suitch is set to the 
SI»3L2 position, one instruction is executed in the compute 
node. Tec next instruction is stored in the instruction 
register and the sizad&ted corsput-r goes thru the program 
^alt Eoue to the sranutil halt rc-ode to uait for further switch 
settings cr conditions. The SIIiGL^ position of the ccspute 
code svritch is noisentary en type and the presran returns the 
switch to the 1.A- v condition. 'When the cospute code switch 
is set to the H'Sll position, continuous operation occurs in 
the compute node until an l\l:l (hslt and proceed) instruction 
is encountered or the pro.-ras is abnors^lly tsrsunated. The 
compute r.'>ie r.uitch has a default condition of H/.I/?. 
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Miscellaneous inputs and Cosaands . The simulation language 
in this category provides sany functions that are unrelated 
tut were not of such importance to warrant being in a cat- 
egory of their own. -The functions that will be described 
in this category arc "listed as follows: 

He^istei* and keaory Display 

Incremental Inputs 

Discrete Inputs 
— Kode rrac5".g 

Execution Specifications .^~_~ -.- — ' 

Setting cf Flipflops 

Ini tialization 






3es:ister and i- grory Display . The binary contents of 
any cf the registers (A,I, •.,-*') or loops (ii,?,£ a K,'/„K) can 
be displayed cy use of the register cczsand. The regis tez 
coEzand has the foliciring f orss: 

HiSGI^rjliiArg) 
where Arg is a list of the registers and/or loops to be 
displayed. 

*he register cocsssnd can contain froa zero to ten 
specifications In the argument listing. A valid spec- 
ification is one of the following letters which when 
specified will display the contents of the loop or reg- 
ister associated with it whenever the contents of that 
register or loop change in a progress run: 
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Begister or Loop Displayed 
AccuEulator 
Instruction 2egiste? 
Loxer Acwsulator 
lusher Register 
U-lcop (l-*rford loop) 
F-loop (fe-Kord loop) 
£-loop (S-^sord loop) 
H-loop (lo--rford loop) 
7 /-loop (fc-xoai -input- loop)-' ' 
2 H-loop (4- vord input loop) 

The arguments of the register cosrand can be separated 
by cossas or blanks or they can be placed one after another. 



Specification 
A 

I 
L 
H 
U 
? 
E 

a 



Examples : ili21£T£X-s U ,1,1,-) 



rt-TiT _'»•? -1"-' { «"-; - ) 



Ei^lJri:I() 



fiill display contents c? 
acc-r.nls tor, i ns true tior* 
register, lc.:er accumulator, 
^sd Kiu-bsr register. 

v-loop, ic-loop and accum- 
ulator will be displayed. 

Ho registers or loops will 
be displayed. 



The default condition for the register co;sand is 
H23ISiSit(). The default condition is assumed each tise a 
pro&raa run is terainated and nare input data is supplied. 
Therefore if register display is wanted, a register cosaand 
B&st be used each tine data is entered. 

To display the contents of cold-storage and hot-storage 
channelr. (channels 00 thru 50) cf rsecory, a eeacry cosand 
is used. The ce-aory cs-y--r>a has the folio*sin~ fcrs: 
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K2KG3Y(Arg) 
where Arg is the typ? of display requested, either BIKaBX 
or OCC&&. 

If the argurrent is not inc'»uded or incorrectly spec- 
ified, the default for Arg is 0C2SL, The neaory coaaacd 
can be used anywhere within the pro gy aa. 

Exaaples: fci3-«03X(3IliABjL) Keaory display will he in binary. 
KEKOSLY Heaory display will be in octal, 

Incrsr^gntal ir.>«.3ts . Because the simulation- prograa does 
not have real tisa control capability, provisions were cade 
fcr eaterin? data in the V-lcop and S-?.ocp. Tni* data 
could then be used in the prorraEsing cf the siEulated cos- 
pater as though it had bsea supplied increi^en tally durinn 
real tise processisig. 



The fern of the request for entering incremental data 



is: 



V 



Loop(Arg) 
where Loop is either •' or if and Arg is 24 bits. 

For Arg to fill the Khole wcrd of the V-loop or H-loop, 
it should ccn»ain 24 or Bora bits. Any bits above 24 are 
ignored. An? bits less than 24 results in the least sig- 
nificant bits reiaaif-ing unchanged. Storage starts with bit 
24 and continues towards bit 1 until data is exhausted. 

Invalid bits are assused by the prorraa to be zero 
and a nessajre is output to this effect. The first incresen- 
tai input request stores data in vord of the -/-loop or 
H-loop (vxhichever is "oein~ filled). Slse second request in 
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word 1, the third request in word 2, the fourtn request in 
word 3- Additional requests start over wi** word and 
repeat the cycle. Sacn tino tn-3 prcgraa terminates for 
sore data., the prorrc-ni is initialized to start with word 
again. It is possible by incl-:livi^ no data in the ar^usent 
to skip numbers without changing the previously stored data. 
For readability blanks are jgnored in the crguxaent portion 
of the request. The 5a ta can therefoi*e bo arranged in any 
groupings desired. 

2zaHples: H(GOO 001 CIO Oil 100 1(1 fiO" TfT) '^feis request 
fills word G of the . ! 2-l..>c? with the binary data 
given in argun^nt. 

V() /{} /() 7(000000111111 000000 111111) This 
request c^-vses «ords 0, 1, and 2 of the /-loop to 
regain. v-chin-v-d and *:6rd 3 to be filled with tne 

Discrota Inty-st s. l?iscretD inputs are necessary to 
supply data for use uith the "JU-. and 2ln (i)iscrete Input - 
and Discrete Input 3) instructions. 

The fora of the i-equest for- entering discrete input is: 

TypeUrg) 
where Type is the type of discrete input, either X or X, and 
Arg is 19 bits for X-diserete inputs and 2& bits for i-dis- 
crete input c. 

For I-.f.- to be v»»l Id 3t aust contain the number of bits 
required for the input tyre. It can contain rcre bits than 
required, because excessive bits aeove those required are 
Sgnored. If not enourh bits are supplied, however, the 
prO;;raa will i«se tha dat . beyond the request until the proper 
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count is reached. 

Invalid bits are assumed Ly the progras to be zero and 
a message is output to this effect. A aaxiiaua of ten X-dis- 
crete input requests and ten X-discrete input requests is 
allowed before the storage area is filled. Additional 
requests are ignored. I: -put requests fill the stcage 
array in sequential order frose 1 to 10. Provisions for 
refilling the discrete storage array once all ten storage 
areas have been filled is i;iven in the initialization por- 
tion of this section. — -^ '-*- " 

in using the stored discrete inputs, they are used fros 
1 to the highest washer stored. Additional requests beyond 
the highest nxsc-er Jesuits in the prograa using the highest 
msnber stored and a nsssage is output to this effect, ".riien- 
ever an abnomal termination of the program is asde or the 
power s-^itch is turned off, the counter for using discrete 
inputs is initialised to 1. 



c- 



Kode •fracirrr . Kode tracing is used in deciphering the 
contents of a prcgran. in the norcospute node, the codes of 
operation are listed as output. In the compute node, the 
instruction being executed is listed as output and a flag 
store is indicated if it was progressed. 

The node tracing capability is requested by a signal 
co&xand with the following fore: 

oiGiftL 

Whenever oi:-:;.\L is specified in a program, it flips the 
representation of a variable froa 1 to or to 1 depending 
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upon the value it had when the signal cossnand was given, 
node tracing is performed vhsn the signal variable is 1. 
Wljenever a prograc run is terminated and sore input data is 
supplied, the signal variable is initialized to 0. The 
signal cossand used Kith the register coassand will give 
as output a detailed listing of the contents of a progran. 



! 



Execution Specification . There are numerous occasions 
when a prograr^ser will inadvertently *a*ite a prograia which 
loops on itself resulting in execution going on to infinitua. 



To prevent this fror» happening in the simulated ccsputer, 
provisions have hsan rade for counting the number of exe- 
cution cycles in the cc^puw vode ana terainating the 
progran rvn -zh^n the rubber zxces&s a specified amount. 
The progrerner can specify the number of executions allowed 
by an execute co^z-Dnd. 

The forn of the c:-:eeute cccsnd is as follows: 

£*v.»j>v -*^ V«2"g I 

where Arg is any four digit decimal nusber froa 0C00 to 9999. 

If no execute cccmnd is given, the default value is 
SQsCUTiHCySG). ^ch tirse the prograa terminates for aore 
data, the execution cycle counter is initialized to zero. 
Bo»?ever the nusber of executions allowed is initialized to 
the default value only upon an ahncrsal prograa termination, 
povrer switch turn off, or initialization, The nusber of 
executions specified is printed out whenever an execute 
cos^And is encountered in a prco^rcisj. 
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Setting of Flinflor:> . The simulation language described 
here provides the capability of setting op resetting certain 
specified control f lipflox^s uhich can change prograa flo* 
when encountered. The flipflops that can be set are DR (de- 
tector) flipflop, HK (inoresental input) flipflop, and TiL 
(incremental input) flipflop. 

The status of the I-it flipflop is used in the execution 
of several instructions. It is reset to "0* by progran 
control using the H5D {7ics^~. Detector) instruction. To fc l* 
set the D2 flipflop, a corsacio -«ith fee- - following Tors is 
used: 

DE 

The condition of the -:u and :*i: flipflops det^r^ine the 
fore cf the data ualcaded f roia the --loop and -I-loop respec- 
tively, if ;-::: and .T/are ~0- set, data is unloaded into the 
H-registcr in nonsl forr. If VT. and 11?; are r l* set, the 
one's con?le-*ent of the data is unleaded into the .^-register. 

The fora for specifying the condition of the '/£ and EK 
flipflops is: 

Klipfiop(Arg) 
khere Flipflop is either v:--" or EK, and Arg is o or 1. 

Initialization , tihen the binary deck of the sisralatinn 
progras is loaded for execution, nenory is initialized by 
putting ten d?ci:s2l 9's in excrj vord location, the binary 
output flipflops are set to a *1 condition on all three lines, 
the discrete Input request counters are set to start count- 
ing at 1, anl the D?. i:r:d :*C flipflops are "0" set. fine 
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progranner can cause the sazie initialisation to occur by 
using the initialization cor-^asd Khieh has the following 
f ora: 



A4— .JL.t J> . 



» - *-i -r^ 
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Jfrcgra c gias: , ethods . ',ha pre ~ra-r;sir^ cethods presented in 
tiiis section and the prolan.-? ins ezac^les of chapter V do 
njt iiscyss net^.ods for ^f^':--.-^!:.- tee 1)1 73 computer, but 
arc concerned with rxt*iods ani ercarsplcs for proiTraatdng th? 
slsulation pro-ran. .-'or a wl^cuss'or. of pro;pra».«i«ig the 
E17^ computer, fie reader- sho-.-Id refi w to the pro^raeBing. 
E3oral written for the Minut 3:22s Co^puto:- "Jse*^ Group ; 
:Hef 1) 

In *:he vre-»-*vui r-e^-ic.- of :"-:is copter, ** description 
cT ^he inpuc I?:---:;:..;* *rr.L '.. 1~ ; -'-:f "cy cr-.- simulation 
prosras -~ss given. In this sc-etion nsihsis .-ii}. fee described 
for arr-anrin.j this l^n-i^---? *~ a j_ro-.iw: fpr^ vhich can be 
run on the si:«iiated cenp-jter-. 

v:he approach for arra::-- Lr." the input language in 
pro^ran fom found cost advsr.ra-eous by the author is to 
visualize a hardware contrcl console t»ith switches for 
each element of the simulation language, ¥0 urite a 
prt^ran then requires that the pro^rans^er write down the 
sisiulation lan^ua^e case for each switch that he rould push 
on ^he console. This nyprccc'r. vorks because cf the sinii- 
arit7 between the simulation -..rco-a-- n;;i the hardware 
version of the cc-juter. 

In vrritin- a pro-;jra= to be run or, the simulated 
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eoaputer, the prograusier Is not restricted to any input 
fornat. She input Is fcrrcat free and can be entered 72 
characters per line. Shis allows the progranaer to write a 
continuous progran with each worn of the simulation language 
separated by a delinitsr. A d^lioite? is a character which 
fites the end of a sin-alp. ticui language uord. The dellnlter 
required is cuss blank between each >=aru of the sicalation 
language. Exceptions to the use of a delimiter are that 
octal data can bo grouped and no delimiter is needed for 
the ASCII representation. -^ ------ - - -- - 

There are three words in ih? simulation langrage that 
aost begin in coluna oa&» Siese «ords are I2(0?i>), GC,and 
$. Sne two words I2{0F?) end GO signify that the input data 
is cc-roloto s.rJL ready to b3 read tad interpreted by the simu- 
lation program. EnV-urirj T2{07?) ill result in the jzwer 
switch being tamed off at the esd sf ins run. Entering GO 
causes the simulation prcrran to return for ?=ore input data 
when it is interpreted. A cosiest line is created by spec- 
ifying * in coluixi 1. SLe prcgran ignores the 71 regaining 
characters in that line. 

Whenever the simulation pr?g?aa ±z leaded fcr execu- 
tion, 13(020 sust be specified before KR(0?i). Cnce the 
power switch has been tamed ca it regains on until it is 
turned, off or until Cie program is baited. 2if(GS} and DO(CH) 
will also renain on until turned off or until the prograa 
is halted. 

A typica3 program to he run en the simulated computer 
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will contain switch designations, octal or binary data and 
load codes, and coosands. To enter octal *>r binary data 
and load codes, tikis siaulated coaputer oust be in the wait 
aode of nonconpute. One of several ways that this can be 
accomplished is with the following switch : dcsigaations : 

PH (CM) £2(GS) Fi(Oh) s - ' 



The power switch has now been turned on, the caster 
reset switch has been depressed putting the cospu cer through 
the "prepare to operate" node, "sync bit counter l--c:-2"- aode ! 
where the instruction register is loaded with a transfer *T3A) 
instruction to channel 00, sector 000, and into the afcmzal 
halt node. The initiate loading switch was pushed putting 
the computer iiito the vxit i^?de. To enable ; siting on cold- 
storage channels of per^ory aiid allow the. iseisory to be filled 
with input data the following would be specified: * 

E!(Gi!) FILL 

The cold-storage write switch has been turned, on and 
the fill load code has been specified. : The siaulated cos- : 
puter is now reedy to receive and store data. The follow- 
ing progrea is a sacple Di?B cosputer progr.'J3 to add two 
octal numbers (14 and 2) and output a telemetry signal of 

the enswer: 

i 

44010201 SS7HH 64020202 KITSJ 42* 02200 ZttZl CLEAH 201 
LGCsTittf CLST-il 14 K::Y23 CLi^S 2 iluTSSL •. 
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The addition prograa and data have been entered into 
aeiaory. To put -the simulated computer into the cospute node 
j^quipss the folio*ii;5j switch designations: 



k{hu.) >a{t,;) 



£ 



The compute switch: has been set at the HUK position 
and the isaster reset -s«iteh is depressed again putting the 
coaputer through the r:odes described earlier. Cncs the 
E-antal halt uode is reached, the computer will automatically 
go to the -compute r.ode and the 1 progray-l^il l ^ be executed. 

The conr-lete vro-rarj ifould look as follows: 



iz(o.-i) :--:((.:.) psua) js.*U.i) i-ill £4010201 £..:fa 6^020202 

liKT^i £2-- 02200 L.."T"1-; CI-iAIi 201 i.-*.a\T2C:«' OUiAii !> i.:215 

cif,.:. 2 ^.:iii ::{^;.:} ;ii(c-..) . 



The above pro-rcn is cotuOlet-s ar-d upon e>:ecu*icn will 
output the ansver (coral* ie) via a tc-lec-etry sicrxl. -he 
telessstry. si^al cordis ts of. 24' bits (O00GGO CIZZZZ 000000 
010000). 

Entering eithsr. 72 {£??)' or GO provides a ready signal 

i 

to. the sirr-ilaticn pro^ran. This ready si.frr.ai results in 
the execution of t:.e irrp-jt data supplied by the user. If 
?ii(Cr?) »3.s s'psciflc-d, then at the cr.i of execution, the 
teletype vrovld print the following rsessarre: 

*TC •i.'Sl *~l~?rL,' : r" '— V- •■"■-} '. '''"J-i 1 * T\" S^j? ~"!TIZ. , ~-.l.'Z l — a 
To contir-re ri.nr-ir.T -.ore pro~rar.5 or i^ore data, the -.:ser 
vou3d tyv-e: :l_:.. . :.2 ^y^ts*:; ;:o".5id rz*'.-:-n\ and tell the 
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user to (ENTER EiCGSAM). At this point the user would 
enter acre prograas or sore data. 

If GO has been specified then at the completion of the 
program run the system would reopond with the oessage to 
(CCHTINUS PRCOjiAri). The user can now execute the saae 
prograa over again with the saae data or new data can be 
entered. The prograa written onto the aeaory will reaain 
there until overwritten or until initialization occurs. 

~To execute the sane prograa arain would require the 
folloviing: -— — -^~ — -.-.- ' 

Ha(G!I) X(RUH) 
GO 

To execute the saiae pro.^ar. arain with new data (20 i 
12) would require the following: 

13(03) F3(CS) PILi, CLi.H 201 U>CAxIv;:i CLEAR 20 £A*l3. 

CL2A3 12 3ZlT£d K(2U:i) YA{jS) 

GO 



Overwriting the previous prograa with a prograa to 
aultiply two nuabers (+.0^000000 and +.30000000) could be 
accomplished as follows: 

K3(0:«) F3(CE) ?IU. CL2&H 1 LCCATICI.* 24020202 K1»T£3 
CL2T.2 201 LCS&TI;-:! 02000000 FJSTzB 1^000000 £2IT£H 

uv 

This pro ran would produce no results because it was 
not entered into the cenpate code. Vo execute it would 
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require: 



r3(0K) K{2&:) 
GO 



1 



Execution of the prcgraa: produces a telesetry signal 
of the ansv?er. r'or a nore comprehensive listing of the 
cospute node portion of the program, the signal and register 
cosssands can be used, './hen using the signal and register 
coc!3snds in the compute sode for the first fea tines, the 
nunber of executions allowed should bo~lo*e»e&y - This" is 
done to prevent large amounts of output in case the progress 
has loops. To execute the nuitipl? program using the sig- 
nal and register cossands vould r-s-tare: 



r^.ivbr^lCviC} ~2 --.-li.- ii£A; JL j ii>.:(i; ,1,^,11) i.(HUiJ> i-iil(ci.J 



1 I** 



It is possible to run a pro^aa ending with an HFH 
instruction (si;ch as the previous aadition or nultiply pro- 
grass) several tines using two different nusbers each tine. 
To do this requires specifying K(:?-\I/?) vhen the simulated 
computer is in the prograa halt node and to follow this by 
?5(U0, Specifying i:(!i/.L?) puts the simulated cosputer ±n 
the ssiual halt node aiki specifying ?J(CIi) puts the sinu- 
lated computer in the *.:cit ricde. If a signal or register 
corssand v;as c-sins used, then Sic: .-.I. H^JI J r -12I{ ) should be 
specified before cnterin": r:-ora Cctz. ^oing this prevents 
isode tracing rovl register display xhile the rew data is 
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being loaded into the computer. l*he signal and register 
cossa n ds Eust be respecified before K(2VK) is specified to - 
allov; stode tracing and register display in the coapute sode. 
The nerti data can be entered by specifying a fill load code 
and following this *ith the ne*rf data. The simulation pro- 
fpraa can nosi be put back into the coapute isode by specifying 
K(HUK) followed by -3(0:1). This cvcle can be repeated as 
cany tises as desired. The prorrar: for doing this uita two 
sets* of data *.;ould look as foilcvrs: 



;^(0;:) 73(Ci!) FILL CL2.-.5 201 LlC/.TKI. 202C0000 Zi'2£Z 
040^0000 Ei:iI3 :.{R\;?.} 13.{>) Y.i'iihh?) ?S(0Ii) FILL 
CLHAK 201 LiCATi::. 003CD0C0 £.iTii: 223-0000 £i.?£* 

C-J 



The prerious examples have "cien entered into the coapute 
ucde by specifying.- ::a( •„:.'} Ili'^...} or :-'(£&;) *&(C3). ?nis 
results in a transfer to channel 00, sector 000 and starting 
execution at that ic-eatior.,. A rrcgran can be executed. at 
any starting location by specifying 5000xxxx LCCATICil CCKFJT2 
KlRuIi). xxxx is the channel address and sector location of 
the first instruction to be executed. I.-CC'.TlUi puts the 
transfer instruction 50C£:xxx in r he instruction register, 
C-:.;:FJTi puts the cor:v.t .:* in t: 2 riisual halt r»de and V.C-UHO 
puts the covputer in the? cerp.ue r.ods fcr continuous rvzi. 

/.ll pro-'rass vhieh specify ..(.iU.:) should end with a 
hrs.lt ard p;oc^_a { ":.-:} ii-tr-ctio:.. vnis instruction uufcs 
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the computer into the program halt node. If an H?a instruc- 
tion is not used, the prosras will continue in the compute 
mode until an error occurs which will ieroinate the run or 
the nuaber of executions exceeds the number specified. 

Shortened Version of .iisrularion language . She following 
description of a isetfecd for creating shortened versions 
of the simulation language does not apply to octal data, 
switches (except compute code svitch), or flipflop settings. 
These parts of the language have not bean included in the 
discussion. 

A shortened version of the input language can be 
created by the user. To do this requires taking those 
letters of a simulation lanfrvare vrord uhich are used by the 
simulation pro-rata in interpret Ir_~ it and using those letters 
as the iiiput for the '.:ord. -".ddiiic-r.al letters can be added 
to build a Enejaonic fora of the «crd if desired. The follow- 
ing is a listing of those -.;or-ds in the sinulation language 
which can be shortened, a listing of the portions of the 
word which ore used in interpreting it, and an example of 
a shortened version of the word: 



Simulation Language 










words which can be 


Int^rprs 


tin;^ 


£xar»ple 


of a 


Shortened 


l»ttor 




Shortened 


.'ere ion 


HAL? 


r m 






i -..G&TIU! 


1m 




iJjQ 




FILL 






i'lLL 




VililPY 


•- 




*iH 
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COMPUTE 

EKTER 

CLEAB 

DELETE 

OCTAL 

BI1I&RI 

KKMi 

SIESLE 

ED3f 

BEGIST23(Arg) 

K£3KHI(BISA£X) 

HBKC£X( OCTAL) 

SIGXAL 

:SXECU22(Arg) 

BEiniTIALIZATICSi 



CO 


COM 


EM 
CL 


EM 
CL 


DS 


DEL 





OCT 


B 


BBf 


KH 


HEAM 


S 


sms 


E 


£119 


BE(Arg) 


— =-BEG(Arg) ' 


KE(B) 


KEK(B) 


EE(O) 


HEK(O) 


S 


SIG 


EX(Arg) 


EXEC(Arg) 


BEI 


B5I2JIT 



( 



The sacs using conditions apply to the abbreviated 
version of the language as apply to the full-vord version. 
A blank is seeded as a delizitsr between each word of the 
language except octal data. Input data is entered tilth a 
free format. All 72 columns con be used for entering input 
data, however, no language element can be divided between 
tMo lines. If a w>rd will not fit on a line, leave the 
reminder of the line blank and put the word at the first 
of the next line. 

A description of the simulation has been given in this 
chapter. This language consists of nissbers and load codes, 
SYitCjics, end siscellcncou.; cousin is. Also discussed *sas 
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the cathod for creating progress to be executed by the simu- 
lation prograa. The chapter was concluded witt a method for 
creating a shortened version of the simulation language. 
Ine f ollOMing chapters Kill gire a listing of the erorr 
detection capability of the sioulation progras and will pre- 
sent examples of programs that have been run on the sinu- 
lated computer. 



C 
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IV. Erjv>r Detection 



Error detection is one of the outstanding- features of 
the D17B coHputer si»tt?&tion program. With this capability 
the prograa tapes can be error checked by i&e simulated coa- 
puter before they are run on the i>i73 computer. To sucoees- 
fully load and execute a prograa on the D173 computer the 
program has to be error free^ «t the present tine there ere 
no error cheeks rsde by the B17? computer except for parity 
and verifying fee contents of sensory. 

The error detection prc7lded l?y the singulation pro^raa 
goes beyond checking juct prograa tapes. All input data is 
checked for validity by cosparins rli^ inr jz. syseols 
a^ain^t the siau?aiion larr;ua>e syslols. Checks are also 
sade by the sjnrolation pre^re:? io detect invalid sv;itca 
settings, addresses that are out of range of the pro^ra=, 
and a variety of conditions that fre net allowed 07 the D17B 
conputer. 

A listing of the error statements that are provided by 
the simulation prosras Is £iven in thi- section. Included 
uith each statement are possible causes of the error or a 
further explanation of the error. 



V. 



Error Statcrssnt s /Causes of ^rrorc . A listing cf the error 

statements provided 07 the D173 computer simulation rrosrar 

is as follcus: 

!2HS FCLL^-JiX- J*.I& 15 KG? AI&&&3: ( Invalid £«.£&} 
Input s;~:ccls specified are ;>ot r.-.r-t of the :~irulat!on 
lan-ua^s. 
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LOAD CODES KU3T 3S IX SI3ABI WJEJf BIKARY IS SPECIFIED 
A different representation for a load code was used when 
the binary representation was specified. - — rr^-y^' 

THE FOLLCWUiG IIIPUT DATA IS IK7AUD: (Invalid Data) 
Portions of the input -sord were interpreted but an improper 
syobol -cas encountered disallowing any further interpre- 
tation. 

COMPUTES IS Zk/2 IK WAIT l-ODE - DATA CAlDiOT BE ESTEBED - 
PaOGSAK T£EKI:AA-T2D 

She prosraa sast be in the ssait node of noncospute for data 
to her entered. 

All FS(OK) 3IGJIAL HUST FCLL03 A!! IK(0K)~SI«iAI^4?e POT KSCBIHS 
IK -AIT HODS - DATA \Gii02HD 

If I£(0l0 is specified, the only way to pat the computer in 
the fcait code is to specify F5(OI:). 

COJiPUTE KOBE SWITCH SPECIFIED IIICCSSSOTLY 

Only iiUii, SI2:c-IU, or HALT can be used as £>cdes for the cos- 

pute svfitch. 

THE FOLLCi;i;iG lilPUT DATA C;i JlKAi; TAPE IS UT/ALID - (Invalid 

Syabol) 

Uhen K11A!* has been specified, input data nust be in the 

ASCII representation. 

SXSCUTE AaG*..-!:ZIIT SPECIFIED UiCD23KC^LY - DEFAULT VALUE OF 50 

The argusent of the execute cossand aust contain four decimal 
digits to be valid. 

CGLD-3TG3A3S «UTE STITCH SPECIFIED ISCGSECTLY 
Only Cii or OFF can b?- used as the settings for the cold- 
storage neaory write switch. 

DISCRETE StflTCa SPECIFIED ISCeiiSECTLX 

Only c:i or 0/F can be used as the settings for the discrete 

switch. 
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POJE3 OK/G?? DATA 15 IIICC2HECT 

Only Oil tr O?? can be used as the settings for the power 

on/off switch. - - ^-r = -=i^- 

CHAKJIEL SPECIFIED CAI^f 3E LOADED - PSCG2AK TESJHHATSD 
Only cnannels 00 thru 56 can be leaded by an enter load 
code. 

fc3(CII) CA:i:.-CT IS SPECIFIED 'rflTH ?E{C??) - pscgbak ts2kI2iated 
PB(Cii) nust Is specified before *E(0:0. 

K(EALT EU3T EE SPECIFIED 3EFCFZ "(F^i) AFTZ3 All HI3 
IH3T3UCTICH - PHCGHA;! TEHEiriAEED 

An HfH instruction puts the computer into the progras halt 
mode and E(iLILT) nust be specified to ~et-o«t--of tiie pro- 
graa halt code and into the nanus?, halt code. 

A 52A;. r 3PEH 15 IX? ALL0EED ?C L-EZi, V-, OH H-L'wrJPS - PHCG2AK 

TEEHir-aTED 

Channels 6*?, 70, and ?2 cannot te used with a TEA (Transfer) 

instruction). 

Eot all possibilities for *\— special instructions have been 
wired into the computer, vsu >.c.vo specified cne of these 
areas for execution. Clicol: the Cr^ration Code veitch 
diagran. 

STGKAOS WHITE SUITCE IS CI? - KK<33r.j: TEEEIIiATSD 

£a(c:. : ) nust be specified before -.rriting can take place on 

cold-storage nenory channels. 

STCHAGS IS :iOT ALLCEED 3.i SIIIOLS-IOOPS (A,I,L, CH U) - 

The STO (Store) instruction cannot store in sin^le-Hord 
loops. 

stgeacs CA::i;cr taeh piace i:; cka.:.:el 50 if disceets suitch 

IS C<F - PEtC::,.;. TE^.I'AvED 

DD(C::) n:;st be specific.: i-fore -.;ritin;-i cr-^r l3::o place 01 
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channel 50 (hot-storage Besory channel). 

COID-STORAGE KSHG3X CAiihOT 33 LG&D2D 1? COLD-STORAGE WRITE 
SWITCH 15 0?? - fBGGRAK ZS3KISA32) ' * ""= rsT '^ 
E3i(0*0 aust be specified before writing can take place on 
cold-storage s-esory channels. 

HOT-STG&fiGS hSSCHI CAiiSCT £3 LGaDK3 I? DISOBEY SWITCH IS 
OFF - K-20G3AH TSfillllL'.TED 

OD(CII) Bust be specified before writirg can take pJace or 
channel 50 (hot-storage nrcsory charge!). 

FIAGST022 IS ALLCr Hu C^Li* IN L-33C- -hS^i STOlE I^S^UCTICli 
IS TO CK.U! 50, F f K, OS E-L03P3 - F2CJ-3AiI TSSSISATSD 
If a STO (Store) instruction is to cfc;*snels-5d,'52,'5fc, or 
56. a fl&£ store is allowed only to channel &. 

0PE3AHD aI*D3?SS 15 cUV C? HAISIi - .-FiCvHAH ?£^>:INA7cD 

An area of necory has b:-cn ««asign:-ued ioi* an operand, aut 

no data has been loaded there, 

I2iST2UCTIi--i.* ASD2ZS3 IS GV? -„;• HAI,;^ - F2uriH.-.a tfi^KI^ ISO 
A sermry word has been dc^i^:.tei r.-: t:.--; ncr* .'ns trustier.:,, 
however no data has heon lo\o.c A cr storied Into that sen-ory 
word. 

RE3ISS3H DISPLAY 25&IE3? 15 IJ/ALID - (Invalid Hegister Dis- 

play Request) 

Register display cccaand is Eissin^ a j.eft parenthesis. 

(Invalid Syabol) IS «0T A VALID K££-IST2ti 31SPIA2 A^GU^iT 
A symbol other than one of the ten register <Llsxi)&z sy&hols 
was used. 
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V. FrograssBins E xauoles 

Tnxs chapter is concerned ^ith proni-aH3~-*»2:tf hara he«sn 
p»n on the D1?B soaputer siaulation pro£i«s. Seren differ - 
cnt example ,ro;,ra2s f— 1 flc« charts will tt presented which 
shox the types of output zSxr.t c&n tr- realized. In the course 
of pi2~er";5n5 these seven examples, t> . rsjerity of the 
ijintructiens in the 'nstructlcr. set of the DI73 computer 
vill ta used. 






E xayrele P rorrran Ih^s-hcr J_. In this c^spley-the-typa'Of out- 
pat available in the noncos-pute r.oie is shcra. This exaisple 
chows the tea 7 load coles are used and th? nay in tihich data 
is loaded into sujaory. 

Signal tracing and twister display in the nsnecsputa 
Ecde Td.ll he used vei-y ir-frequently because of the laPG e 
anoufttr of output even for a sr3?.ll progr-an. However,, for 
scceonc learning t>e operation of the WL73 casualty the 
output displayed 05, these two cc.rrana ; » c?-n be used as a 
teaching aid. 

A sssaory display reyest is Bade at the exA of this 
example. Vbe s=eaor; dv2p that appear- on ^he listing has 
a channel and sector designation on the left. "Ihis address 
is the EeEory address of tne octal word appearing in the 
first col-m of that ror. Tho second colurs in the sanae 
row contains tno nersory word of th2 next sector location, 
•xhe sasa applies to all renainins words in that rov. If a 
sector location in a rra has not been loaded vith c'ata it 
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appears on the listing as a vord containing all 7'«. ^be 
rows in v.hich none of the sector locations are loaded with 
data do not appear in the nsaory du&p listing. 

The flowchart for eranpie prograa no. 1 is as follows: 



: 



5TA2T 



1 



i^aCt 



£odes 

Display 
(A ,1.1.) 



k(oi:) Kn(ai) rscc-s.*) r« {•.:;; 
ddios) 

± , 



i-cad Data 



Hal 



(r I 



1 



Ker^ory 
(in octal) 



J 



?a(off) 



STOP 



t 



C? 



tin 
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^S 1 ^!- 15 -- 3 S = ««S ?i: =3> K ?HiaT£i. TYPE V" AS> >cJ2'=AKE"i 0IKE3- 
WI St TTrt S - S « 



** ** 

** DI23 CGSPi.tlER I ** 

** Sl:^}UTl>:a P2;&2&3 #• 

** = »* 

** «TE= 01/24/72 TIKE: 19.43.d3 ** 



** 



•* 



********»**+********«-**»***•»#*£**»*•**»***».«*»**♦*»-«*# 



..(rSTEa ?ac&»;;> 



** FRISTSyi CF I5PUI P2CS.=A3 .»* 



S1G£*L 2EGI«1E2CA,1.LJ F3C2SJ 3SCS2J FFC^S) £Y?C5> IMC5) FILL 

CLEAR 01234567 £Sf£8 HALT H£iiC3r t£=T?.L> — - ' " 

FRC3FF) 



** EEFR.TS Cr SIKULAiXCS *f 

F1GKL CS - ;"DZS ilLL =£ 5FACED 

?J¥L» Mi? c-££2 IUE2£a CI 

i^STi"?. 2Z?£I *£^i?£:££ 

fS£i-AF.£ 12 --?£;.A7£ :-M£>£ : 

fyk >!i c.v-Tc^ ; ;...:,->£ 

iC2<-i; = 10: ;« ceo o.o -S3 «s gc-s cic 

cm>V<2>:m;>* h-le r_-:--;:'j£ .-? hi:.;^l halt 

*SI£SLCCS r:3-.*.^2£ Z: I^^AL KALI 
FSc?AH£ 13 L-»V."J fS-rrd-i SF ; ; \T^L .V.LT 
CIRCULATES EEI-EE3 ?.-.£?;.?£ I.' l.V.D i23 IZIZV..VZI SIS.- 
HALT ■ ' 

SIT H3»£ 



SCEET Z? gAS'.'AL 



P2£?A2E TC F*-.?LE «©£ 

fasple c;r.£-:^3£ 

PASXTT CH£C= «.»::>£ 
P53CEFF Ci~£ -FILL 

but ias£ 

PF£?A?£ 7C ?4:,-5.S ;3J»£ 

F*>--LE C5£ .:"!?£_ 

f"n£t «•" CHEC2! r!i*j£ 

FH..CFrr CCDE - CLE** 

LC24-I? : 550 233 ?SO 3S-J 03C 003 030 OS© 

van rjftE 

??£?£". tJ f.;Vl£ twDE ! 

j«:-'L£ --^£ : -£ 
«rnr »~:£c: : *i£ 
Pr.^£~< C;"£ - -Citl. 

LC2-;-:> : ::j :^i 533 cc-^ -. ;•> wi 503 s..o 
ail i.:^£ 
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rA»!?Y check ;_:de . 

"?2" ,5 ~i co -' S3 - -^ -« «* 5v3 3:0 031 

P2pA?£ T3_£A:?l£ :o£ 
: SAjS?l£ CC2Z iCS5£ 
FA.H1TY CHEC2 :^2£ j 

LC24-IJ = -33 i33 053 32J 533 3^3 331 313 
WIT HCD£ : 

r?3£?AK£ 13 fAnrlE S23E 
SaS?L£ CCZl .-^D£ 
PAHIIT CHSC2 :S5£ 
PE.TCESS C23E - JCTAL * 

l<2a-:j = ;?3 oio 3^3 333 3;: -331 :ii en 
?r^?A=r lis f5:?t£ .-*:£ 

«H?L£ C2DE .TD£ 

FASI7T CHECs .~3E T 

r?.^C£;J- Ci2I - C£TAL 

L<2-S-.!> : C3J C-33 «i3 333 ill 3i3 3U I-"3 

VAI T ;.CD£ 1 ' 

FA.'VLE CJ3E !';£ 
?.-..-! 7;" Z~£Z'. '.'.-' jZ 

?.:-"££.- cc:i - .-ciii 

L<2*-l> r :;; 53c 303 ::i :;; ;.;i s.* u; 
1 '^»i t ^cr£ : 

F2£?a:-£ 1^ 5/.; =L£ :-~i£ 
TA;tTL£ CCr£ Z—^E 

Lf»«-!> .- 3;) :•;: o:i;j; ;;; 1-3 !:i !:c . 
-■Ail :.JD£ 

P ?£?**£ 7.'- .-,-. ?t£ r^;£ 
r.^c?!.! c;*r-£ :u'j£ 

f?rc£rr cs^£ - iziu. 

V.*}2~}U'z : ~ ;3 : -! ^«* ,JJ i£3 i;.i l: ;t n , 



??.£?»*£ 1^ CAJOLE .IDE • 

?a:-iit ci-ec: ?s.jz. 

P£.*CE?«- c.'SE - £.:?£?. 

£Ei£2 ~ I3L£ ?lr-."i."r£ J~ fj?;_. .— tsv 

A?C^-I3 r ;■;; jj. J: ; >:: : ~ if;*;:- :! 
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5A. : ?L£ C.^£ ..,;>£ 
PA-rliY CHECK :v,"s 
?R-C£?« CJr£ - -.; 



j. 



5<4) .--C2)^ti) I 
IST£?LCCK fL--.:. 
?r£rA3£ T.' L:-:.- 
CIHCK.iI£r 3£7-i 
KALI 



.2-..0£ .Jr JXiUfti. HALT 
.-.^..AL HALT 

::-£ :. r ?:irjAL halt 

--;.££ IC LiA3 A3-» I5T£rfUCJ SIS JsCSES ?F HASUAL 



CHAS S£CI 
09 039 



;I23^;<7 



77777777 ?7?J-?¥» -.:' 777TT7777 



15?^h:xt:j; .-;.:.:£: vt ih£ ??.£?£;r P.-.^jy;:: hus> 



PkV£H HAS 5££" ; 



IY? £ r:V3 



• 7J fliS" 1Y?£ KALI - HALT 



JS.S!.07.S».\- 



£X£CJTi»-i II..E; .£53 f£C 



c 
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gxaiaple Fro.yraa Husber 2. This exacple consists of an add- 
ition ripple program that has been written using the three 
different representations for input data. Each progress has 
been loaded and executed separately. The addition ripple 
p ro g ran loads 1 into the accumulator and keeps adding 1 to 
the contents of the accumulator. Because this prograa loops 
on itself, the execute cosssand has been used to stop the 
executions at a count of five. 

— - The initialisation aaa Een-ory cons&nds are used with 
each representation, i.ode tracing and~resri€£er -display are 
used in the conpute sode portion only. 

The flowchart for example prograa no. 2 is as follows: 



:i r 






-S , 



!{c:;) F5(c:0 zitos) 



Load 
Pros 



T 



ilersory 



xrace 
bodes 

Displav 
(A) * 



I 



Ixeci*tions 
Allowed 
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ADD 
A-s-A+l 






^ Exec-it. > 


no 



5? 



yes 
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IF SBT?Us If TU =£ L-iF?2SEi» 1^ ?HiST£E. iY?E "? AED Y0»= ;3n£ ; CsHEH- 
VI SI Ti?E "s" - 3 

** 5! 75 C—<?UI£:v ** 

** ** 

*~ ££!£= r-1/2-5/72 T2K£= 1S.54--;S ** 

** ** 



** ?si:--tsji SF iz?«t ?e;s»5 ** 

"l£2l£5 ?HC52£iI3 
> A2DiTIC2 2I??I.£ PHCSHSH IV. CC1S.L ?:£?.-iE?£5l£li=2«_.- 



PStCS) H?t-E5 FFtCSi £-'<C2J HI!. 

4W13«*i £2T£S 5*35 2COS. TrT£S CLESS ! £5T£5 

KES3HT ri-33;L SECiFTZSfeS E7.ECUJEO0.J5> £i=U£} Z-S.IS5) 

PHCSFFJ 



s* SESULTS ^F FsSSLAi* 



«* -EHCS7 5UK? ** 



05 503 



SJISK-2 






0;«r333: 



77777*77 









:§ 



FiS^L K5 - STDZS -^U. 5£ I2iC£D 

SJ. :!? ESZCBTIJS- ??£CiFiE3 = S 

KSFTc."? r£T£I FlSScSCZ _ 

5Y3; ill C.X'2T£S ! .^--"<£ 

rssc 51" c-usizs 2 ;:"-5£ 

:«) *;c«5ci}" 53L£ FiF-r.J2£ ^F :-»;%%{. salt 



CiS?BTE nS3£ 

TSSSfriS t=?T=vCI!t:= - xiEO 

CLF« i.'K •^■T"rCs£U3 - ?«.*> 

A €24-! I r 0J3 £« C;} C4S 523 i.'i SFiS 30! 

A-D »£Fr23Csl.-3 - tAi-5) 

«C2-i-Jl t 553 -iS- Si J S3.1 »3 i'-J SiC 0!3 



7J> 



m 



■>^.-iwr^^- 5 -;v; *W^ ; ^»' ; .^V«iA<!t^ ^*-^: 



?»^S^^^^^^^^sS^^^^^^^s^^s^^^*!5! 



*^-*^ '^T^Sr^^^^^Kf^^^^ 
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ADD iESIHUCTIK - CASD5 

ACA-IJ = 033 333 030 303 SOS 030 033 OH 

S3, c? E>:£cai!sr« have exceeded sc. ??Ecir-ED - rzzzaza TFSsirsiES 

T3 3U2 fiSClKES r2i>32AK TYPE ~EU:T; T3 S7C? TY?E "HALT* - E52 



** PhiSl&n f-F 22?U7 ?2£S2£5 ~* 



e.2T£= ?=D£HA3:> 

2EIEITIALIZE 
G3 



1 



9* 2E5ULTS ^F-SisXtATIZE *» 

KEiKST KA*: SEES INITIALIZES " ..'.*. . - 

** PSI2IC0T 3E IS>UT ?E3SSAK ** 
CESIE5 ?2S32UJJ 

SASSITISS Hir?LE ?£Jv«SA3 12 E1ZA2T EE?HE5E27AU C2 

U3i2 It-SI 33132 Ii. _ .2I 03=53 TC^I !3333 TC.^J 53531 It^lJ I>3:2 T;C~> 
50333 Ili'E) 5C3C-3 TW=S 53-313 T-U^i 3113! T?3=J :--=5C- "re."? im?- -Ut! 

i3333 iccsj c<:-3! 11.-=; !M35 Ttc^j i;;;3 TU5J jc;c3 n^j ;;:;; iir-.s 

5115! liZZl 3iII3 IC2J C532! ItJi? SJJii IlitJ 
."SEPTET E33^L EZ£i?7E2CA} EX£CaIE<aS55J EiEUrj £5.<35J 
?5«frJ 






** 



a c 



s* 5SKT3Y CS.5* »e 



CHA5 SEC] 
05 333 



<C-*v i 02C£ 






53C-333SI 



Hill'..' 



*• £2D EE rE3£2? -UT? ** *.'.*=:U^ .-? ;-^2iS:" S3! LI TIED C^IAIi 

IS?sa.iTIC= ?lw"jCED ST TKE . £E?E^I PEfSEAa E5£i 



«ic==;l .*= - :~-r»Es '-"iu. =e isaced 

i5. r? £EECJTi-rC?_FrECIf!ES - 5 

?~e.-aSe I-J C^EsATE ,^D£ 
rr=c sir ccusj£2 5 &c;se 

SiSC SIT C;*«5riE2 £ J-.CSE 

G<4> "£t2J;~t!J ' I3L£ TKJ-HC3E SE H5=^L HALT 
PEEPASE ir ZZ.*GJ£ S.3-7.33E 2E K*231L 2Z.LT 



CCSrUTE H3DE 



7* 



■HMiili 



■H 
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1 & 



CL£."V3 i A3D 1 £?!=!£!! C-2 - «CIA> 

££24-i} = SCD 032 033 CDS 053 S30 000 05! 

. ADD S5S7SSTIS3 - €*0DJ 
aC2*-l> = 553 ?2C- 000 030 520 e©3 203 010 

503 ltS75*Xtt22 - «£DJ 

« €24-1 5 = 000 GOO 030 320 503 32-3 055 Oil 

"^ S-^pf?,^- 2 ^^^ =5- ?2Cin£D - ?33S3«3 I£=HIS£7ES 
!.» -d- nsSTaz* .-2.-*2V. iTPe. sgs ; TC £!£? 7y ?£ "EAtj- .355 

3Ei£i7?ALlZ£ 






CEZI< 



'3rJv?AF.) 



?2<C=J S(.-5) S?tiW £-'^2J Si2 
Z_4Ol0532 : 5i:-13-iO£ = * 1 r a 



** HES2L7S C? ?ir5lAII£2 »* 
IS?3I SS2ECZ - :-~iK J»pr 






r:cA= r£c- 

03 000 



«33Kh52 



53:0002 



GC-vOOC-C! 



7777777? 



•!:?«^.->.7i^ ?. ,; ;£D iy is; 



- i\?~ T1 ~ 3 rr S3SJST &St U?7£3 CCS7»-£ is; 



C v 



75 



\ 

i^ 



■- - r „ -w «Wr-»y, ^ J**- ' 




kjJ*<^5*w :'-^"-*-"^*S>^S 






GE/ES/72-7 



n 



SIGZkL CS - J25HS i.if! or T=-«prn ~ ^ "" 

?aST£2 HE?£, .E2DE2CE 
PE£?AHZ TO C?£EATE Z23E 
SYK 5iT C;»L S 3T£H 1 :^S£ 
ST5C 5JT CCUSTEsi 2 SJ5E 

CC3»DI£ J3DZ 

CLEAR i A?3 iSSiagCIISa - CCLA> " ~ 

a<2^-» r 505 023 ess C2=> ess c:-; ;so aoi —- ~" -—"•' 

ADD ISSiS2CTiS5 - JA5DJ 

AC24-IJ = SC-3 003 333 503 ;;3 jj.j ;;.^ ^jg 

A£2-J-iS = 333 COJ C33 3« -;:-.; Z'.j c-ii Si: 

20. CF zjiZCiili^VS Ka»£ E" ri£~Z£ t*. r-r.«r;r,-» _ a-,,. — ^,_ — _. . 

• -- --•% il. a. taLt - hftH 



< a E;5 £F PSsssa;; 
23.0?,I3.ST£? 



!.i25 SEC 



tt-.. £ 






^.-s^— %':^^-~x -.-"w 1 ^*-*** 1 - 
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Exa-aple Prograa number 3- This ezaiapls is an arithmetic 
progras that uses a COA (character output) subroutine to 
output the ansxer as eight octal digits, "rhe COS. subroutine 
was developed by the Systsss laboratory Group at tDulane 
University. (Bef 1:2? .28) 

The arithsetic prcgras consists of seven arithmetic 
routines *?ith starting locations at the prograa address 
listed below. Bach routine needs fc?o data nusbers starting 
at the data addresses given. 



Progran Address 



Chan 



oeci; 



GO 


000 


04 


0G0 


10 


0CG 


i4 


000 


20 


GOO 


24 


GOO 


30 


000 



Arithsstio Routine 

ADD routine 

SU3 routine 

SAD routine 

SSli routine 

XF£ routine 

Sl'sF routine 

Khole l:o. K?Y routine 32 



Data A 


ddr-es: 


Chan 


Sect 


02 


001 


05 


001 




001 


xo 


001 


22 


C01 


26 


001 


le 32 


001 



Each routine of the arithmetic prograa can link up 
•alth the COk subroutine to output- the results. The 00k 
subroutine is loaded in channels -*:4 and 46. The last 
instruction of the GQ-. subroutine is an K?3 instruction 
v:hich pats the ccEputsr in the progres halt iaode. 

In this example a flag store teieae. . signal is also 
used to output the answer. ?!o zzodLe tracing or register 
display is usr-d. 






11 



GS/SS/72-7 



f r> 



Ci V 



The flowchart for example progran no. 3 is as follows: 



START 



?h(oio EB(ca) ps(g:j) Fs*{gs} 



Lead 
Prograa 



X 



rlesory 



K(2JH) H3(0H} 




if 

II. 

sit 

m 



1 



use v-u« i 

Subroutine j 

to output | 

answer \ 



I(3Mg} 



LcsJ 
r«ore 

data 



5&SOJ0CO l^GASS COrlriif 3 



KtHUH) 






i 



78 






IJWfifc. t'^g'j 



IliittiiliiaiBiSifltiiiiMi 



Bttl 



mmmm 



d 



-T-^V^ff^^^^^^^^^^^^^S^ 



mtBwm 






S^5 



GE/EE/92-7 



U 



i 



V 7 3 



Telesetry 

signal 
of answer 



I 



1-S8 v»v.-.i 

Subroutine 

to output 

answer 



A 



HP3 



?H(G?F) 



STxJ? 



y 



c 



79 






e^s *^^r i Ksi*^^» ss^v 



-*^S-,>.^-i«i-3»VS«s' •*&■*;■* 



-,K'«y-.£>S22if*-£.~,_-^'£;*-*tJ^ "^--^ 



i^r/-^i4?>~?^W»< 



V v 



GS/SE/72-? 



IE C^TrUT !S IS 3£ SIF=^S£D 70 rHiSTEE, TYPE ? .'.23 YCUH SEE ; CIHEr- 
MJSZ TYPE 2~ - 5 

*5****:»irv»****« --?**** *****»*« ***r******* **»***« ******** 

*s ** 

«* 3173 CCS'UIZS ** 

** FIK'JIATl-S ??.iJ3EAK ** 

** *» 

** D£TE= Oi .'24/72 TIKE= 23.03.47 ** 

*<■ ** 



CE2TE2 PHC3HASJ 

S A2iTHHETIC ??.ZI=J-.: -17K CIA StBSGUTIEE 



«£J5 ** 



f-3C02} a(S5) £-t."i> 

z 44-3! 3291 = S4:232:-2 

* 403 5 4491361 = ~- 

"1003 3 44G!i231 = -:: 

~1433 S 4431152! = " 

'2033 3 44-52 223! = 2- 

"24-33 5 44212c3! : 2: 

"5030 5 4431 520 i = :. 

24C5S305 : f- 



??CJ3> :;_45 

: =4354505 : 5243-»430 .- 
:i:£02 2 54?54*C-5 r 5240-43& = 

:s;2;-2 = 54334s 35 = 52404403 = 
:.i:5:-2 = 34354£C5 = 52404-133 = 

ZLLZIZ = 54054505 = 52434403 = 

:_252£ : S-i-354535 = 52434433 = 

1.222:4 r 47135202 = 00042215 = 

:i4s53 : 52404403 = 




£ CCJ* SSr.iJlISE 
" 44-33 5 445I-5:! = - 
: 4-:U4£-3i : iJllilZ: 
3 £4204505 = 54" I--:. I 
442 €4-52 5 = 74274 si 7 : 
3 31254557 = * 1 = " 
*'.S5 S ~ 15 = ~ 1 : 



T22:C32 = 4-3C54230 = 50372235 : " 4437 3 54104S10 



: " 44!5 3 41544514 ; 
: 4,224i2£ : 3C2544Z3 



i-15*-4^3S 



3174C3: 



4417 






::--U432 : 44514451 ~ 54524524 = 40352203 r * 4t-2! 
•!4 > 37777777 = ~ 4522 3 * 5 = * 4S24 3 * 1 = 



S 7SSC2Y CL 23! LCC 
FILL CL 323! ICC CL 
?H(CFr> 



SO iS CL 17 E5 EXEC-: 1333? H5Cu3> vCSUZj ZCEAL7) 
••- CL 7 Ei 5303500-3 LCC CS--i? ECP3S3 



EEFSLjS C? FIJSJLfi.II 03 ** 



•S?UT ?r.'J?:CE 



<-vt .» :*u i 



** sS^CSf SUSP ** 



SKAS 


?ECT 


00 


-300 


04 


ooo 


10 


000 


14 


330 


20 


000 




030 


30 


030 


30 


004 



44v:i.iv! 
44013*01 

443<:23i 

• •ai • .-- : 

• «- T - - -1 

■n*s # t — - 5 
4'1* X C 1 2 



54020232 
74-320 C02 
€0021202 
7S02IS32 
2402225:: 
2S0„:»M2 
03:-22->14 
54ii4S05 



54034505 
540345-33 
54354^03 
54054C05 
54054533 
54034503 
475jJ202 
52404400 



524-344C-0 
52434400 
52404403 
52434430 
524044S3 
524-34430 
00042213 
77777777 



60 



SSI ff""-a3*«T 



■:■&*• -^--'♦•KSSJW* 



■=£vtv'^ r g-i* ^vSSs^ 1 ; 
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44 



44 

46 



4S 
4G 



010 
014 
020 
024 
053 
000 
014 
020 
22.*. 
053 



440 3 460 I 

77777777 

441 J 453 J 
43134253 
54214S35 
5^254524 
44514S51 
77777777 
37777777 
77777777 
33353331 
7777777? 



«* £25 Cr j£HC5? DK2* *■» C?! 



47224552 
77777777 
0315229! 
£3174331 
44224522 
442£452€ 
54524524 
212545C7 
77777777 
77777777 
f77777?7 
08333335 



43054203 
77777777 
77777777 
77777777 
13254450 
74274S27 
40552203 
3SC-333Q! 
77777777 
00333336 
03333013 
77777777 



?£ES£27 ?S.' 



IS 3? 2£i«5Y rOT USIZ3 



- 03372205 
54134S10 
47544614 
542046GS 
74244524 
I52C4433 
77777777 
77777777 
77777777 
77777777 

S D cos-ca 1 

77777777 



flashed irjis-jcn 

EIZrt3i CHA7iCI£2 
3I5»5? CH.1ftiC7£H 
51 £427 CKA£- S CI£X 
i£i £~i af ct^«*AC*^H 
HirSH? CtT.?JtCT£5 
SiTiST CKA£;.C7E3 
S!^=s CH;.£:%Ci£H 
Bia3s CK.4SAC7E2 

1 1 " "Y CSA SAC7£3 
SI ~ 2i" CH--S"«Csiji 
siSi* CKA£4CI£3 
Elr-f.: C~i3iC7£3 
S3 :53s C£A?J>.3Tsi2 
5IS.SV" CH^rS.C7£2 

7£5 Eug ASilKES ?S 



SPECIFIED = 13-1 
■S sELEKEiS:' Si^-i 

0333 H> 



3; 



->w 



f.T=MT 



•J «J-J»-^S*J 



£Il?87 - 

c=n?-jr - 

Oilrai - 
C-JTPUT - 
uU7?5>I - 
EOirUI - 
3u:rtt7 - 
5-= 7£L£:v 
-JTrZl - 
£37r!IT - 

r.'ipa* - 

52T?iJT - 



E£X: 



o:-33 

S3-30 KEXi 

31 1 1 H£XI 

31 i I HEX- 

33C3 '"^v? 

0333 H££i 

-:-»33 H£»i 



S5033 Hill! 
3 

3 



5335 



;7?L- 
-S.TPUT - 
CU7?37 - 
SAX Ti'r 



£33! 
£ "?-U2 



KElCS 

::£xi 

KEil 



3£C-r.4L CK.42SCTEH tai?3T 

~-£Ci::sL OiA3£CTE2 SylPUT 

B£C:.'.*L CH&5AC7£x K?7?UT 

-£C::-*,L CHr.H*CT£H -3UIPUT 

szcir^L c-:a?jxt£2 coifui 

Si.CIr.4i. CH.4EAC7ER £i?i?UT 

►•£Cir_»L C3U£?C1EB SiiirOi 

5£Ci:-Ji.L CKlKXiEfc CJSIPST 
- **3533 3-33333 >30-3C2 1 IC 

-ZC-: ".L c:;a5j;c7£h EJI?:j7 

i*£Ci~;L CEA=iCIE2 C37?t : : 

CHAHACI^ K;TT57 

£>:nK>.Cj£I; cairST 

CHiS^CTEri CS7?yl 

CH££.-C7£= C2T?UT 



i"£C?;v l L 



. iTfA2«CT££ CL'TrUT 

LICiCKl. Chii^iiCIEH CS57?«7 

S7~7 iY?£ "HALT" - HALT 




3 

T 
« 

7 

•331 

3 




3 
-3 
6 
1 



«■? £fc-J c; 
21.15^0^73? 



r HC35^3* 



£X£Cyti3S 7IS£= 



1.721 SEC 
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Exasnale Prograa ihsahar h, Thi3 example is a- prograa which 
shows the discrete output capability of the simulation pro- 
graa. To interpret the discrete output listing, the reader 
should refer to Fig. 12 in Appendix C. = ' 

The flowchart for example prograi* no. 4-' is as follows: 



% 

t 



I 
I 



% 

Sr 



g* 



3TABT 



?R(GH) HB(Oa) PS{CS) F^(GH) 
DSCGH) 



i-oao. 



I 



AecuuiOBS 
Allowed 



i 



K(HUH) HH(GiO 



j V 

, DOA 
BC£«7DG&*1 


i 




•r Execut.^s 


. no* 



xiy*i 



res 



B8 



82 



^BiH^BttittMiiMiaiiiMi 



. j**5* iwt lyf^. , '" ' *l,*rjr^f - fc -~ ^-i* '*''' ""vtl —cjk- i " ** * t ~^""eLar 



mmmm 



**m 



■&&&»*& 




!5^c?^5£^^S^SS55353S^ 



*!&&»™*<x&? 



m 
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O 



IF r-ai?UT_IS JC 3£ J>If?^?ZD 72 ?HI=7££, TYPE--"?" ASDj^UR^SKE"; CTKEZ 



r ** * - ~ - ,; 

« ** SI 72 CMPUTEH ** 

** I . 5i:-?JLA71C= ?52SSAn ** 

** . ** 

** DA7E= 31/24/12 ' TIKE: IS. 16.57 ** 

** ** 

: *»**.■«*«.».»*-»»•* ;*«»»*» *i»* «**»--***«*»*« -■»**•! *************** 

i = 

** PEIiTCUi C£ I'J-lil P32CSAH ** 
*E37E5 rHSSHAHJ » 

s £f fcsete caipyi rscas;?: 

-?=Cr-23 ^HtfrS) £Vt£2) 51 LL - ' 

: A30125S0 £5 .W022J9D ZZ &A55J235 E: 5A3-43332 £S 50002000 £3 
CL 205 LCC CLU £3 £XEC<C-iS4> HI==;=> J2CC2J ^ 

r5CC-rr> ' « -^— --»■»-= •; ■ • ■■ ■ -.:=.~~ 



*-* HZFSL7F £? FI.-.3LA7I! 



v. 



••*.- • •*? zJ 


tiCUJiCiS 5?cC:rIi3 r 


;£•; 






DifC=£i£ 


JHJ7?U7 


Li:.£ 


^ :C 


r^r 


« 


_!_ 




flSKL 


DIFC2E7E 


S«7?y7 


LS~E 


£• 2C 


HAf 


A 


_i_ 


'•;t;iit 


?I3^AL 


31FC5E7E 




Li-Z 


I- 5- 


HA£ 


A 


i 


.UlrUT 


£IGScL 


i-I FC2ET£ 




-■ " £• 


D -^ 


H^S 


M 


* 


•Vlrirl 


?:SrAL 


M?CH£I£ 


■«;7? ^7 


Li — £ 


^ *-— 


-*!«? 


J1 


"l^ 




?IS^AL 


5IFCHETE 


-y.?S7 


Ll!>£ 


i :C 


?~t*Z 


A. 


J 


• : ^T?v7 


FIGSAL 




l*!?*?"* 1 i 


Li"-£ 


Mr *.V 


HS5 


A 


IC 


-■JlrCI 


-» 2^AL 


FisCSE-E 


*;- 752*7 


LI~£ 


S 2C 


v^c 


*T 


_ t 


^". Ir yT 


SiCrAL 


LIFCSE7Z 


C«I?U7 


* T * ~ 


» ^* 


HAS 


^ 


I 


— -. ir *. i 


f*5S3. 


DiFCHiiE 


rsirai 


, • „_. 


It 5* 


^1- 




III 


*-Ji#"tf a 


?>2is.i. 


•iFCHE7E 


t*JT?U7 


Ll-£ 


^ rC 


j^r 


#. 


: 


,j^T?r: • 


fiSS!. 


S1FCHE7E 


vUirJT 


LI-£ 


— »^ 


«A?" 


A 


li~ 




Fit-r^L 


ijFCHETi 


CIIIrUT 


Ll— £ 


ri;c 


;AS" 


n 


~i" 


.. ;r ^.. tT 


C* it*"* X 


Vi» WZ«»Zi 


•*i»7f w'7 


LI-£ 


^3 sC 


>_;c 


»v 


j_ 




Fiu£rtL 


SI FCSZ7E 




LI ^£ 


-tiC 


fi**^ 


JR 


";" 




fI3IAL 


LIFCSE7E 






^!5C 


f.XS 


n 


*l" 


***.- i r .# J 


FIC!HiL 


yIFC£E7E 


• •■^» £ •" V • 


l:=£ 


ii.C 


HA 5 


A 


£" 


CCira* 


SISSiL 


5IFCSE7E 




LU£ 


:-i;c 


v;c 


A 


I 1 ! 


-il?« 


?I-3=SL 


sirc^£7£ 


w«7?U7 


* " H"* 


•- 2 J » 


Hii 


9 


« 


4 ' «;;?•=! 


rSSKL 




-w«?Ji 


L!^£ 


" * " * 


."!.-.*" 


A 


_r 


^;i?vT 


FiG^iL 


DIFCSETI 


.£rji?yi 


LiSE 


Z-I iC 


;-i j- 


A 


"* • ~ 


•"VTrUT 


fwat 


5ISC?-£7.- 


c*jl?yi 


Li -£ 


-I5C 


HAF 


„i 


~r 




FJ S'Jil 


SIFCSEiE 


:--ji?ut 


LI-£ 


tiCC 


i^f 


?» 


j 


i*-Ulr2T 


TISXAi. 


D; SCHEIE 


35I?L-s 


■ i "•" 


TZIC 


HA? 


.t 


^i" 


**rfl5*vT 


FSG»«. 


5IFCHZIE 


KJTrUT 


LI M 


l2iZ 


-It r 


f- 


*!~ 


•^ClrUF 


FILIAL 


DIJ-CSE7E 


syi?u7 


LI-£ 


tliC 


Jh«x 




3 i Z 




FJ52AL 




CUirui 


Lj-£ 


ss^: 


HAF 


« 


5 " 




FIGSAL 


I>5 r£-=rT~ 


;'-vj?'J7 


LI^I 


525C 


Si£i 


J: 


"l" 




ri SSVL 


DiFC£E7E 


Cv'ii'yi 


L--£ 


"2£Z 


run J 


* 
« 


3^ 


.'•UlrST. 


FISSAL 


5i£CH£7E 


-"•s:I?fc7 


LIS£ 


I-i"C 


HA 5 


*% 


" j" 


Vvir'aT" 


FIC»L 


CirC=£7£ 


"c7?U7 


LI 3£ 


1*L"C 


"•*€■ 


»- 


* t *" 


.»:FU7 


F!v»L 


£lFCHET£ 


~."I?L-7 


Ls=£ 


I ->; 


^- r* 


r» 


~l~ 


- -» • •" ^: 4 




irlFCHZTE 


.-Jr-JT 


Li^£ 


*:-; ~T 


- ^5" 


r* 


"l" 


- ii.-i7 


FISCAL 


3irC££7£ 


*v •• ** • 


• * — 


■^-^ «>v 


"~.". " 


. 


"j" 


* i ^*t? S 


riiat 


a*.. :*.:- £:• 


IcCva » ••- 


r" L:CL ..-£."- 


1 w «t 


C: bClfls.t - ?r.CS 


ic =si£ At.' !:-:£."! f:.:-:- 


.: ;^.-£ ":. 


"• 7." c" •? 


TY?c KAl 






i : «.i II:Z£: 



•SS2 F£C 



S3 



Ujg 



H ^^ iM ^ M p^^^^i h ^^i^ tf i H i tf i i ^ a Mttl^ wfi ^ HariBBai£tttt ^ tttttt ^^^ 



sl*^^^ 



mjWjWii 



" t 4^ w f- *" ?',*•<- v T* < *'*?* ~ V*,""V~^.V^'^-*£^ 



g_»*^v-S<s ".^5Sgp^^S^f5^K?!S* 



'&&ptj9''*SJSs 



^s^55^^!^^^^S5^i^^p 
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Example ?ro<arag Humber j|. Hie program for this exasple uses 
the binary output instructions (BOA, BQB.,£QCj_.aiij3r shows the 
binary output capability or the simulation progress.- To 
interpret the binary output listing, the reader should refer 
to Fig. 13 in Appendix C. 

The flowchart for exasple progress no. 5 is as follows: 



START 



FH(Oli) HB(GS). PS(02I) S»!(0!i) 




Trace 
Hodes 

Display 



¥E{CS) 




Execute 10 

BOA 
Ins true tns 



PSCO??) 



STOP 



& 



wm 



>l ^-^^^^^^i^r-i- 




■ ^W- -^^55^3*$** ^$J*^~^S^Ss^P5^^*^^^!^3£S?^^^'??' 



o 



GS/EB/72-7 



, L C H T D , VS * S 5£ DI ~ K£3 Ii} ?2i2TES, sV?E ">" ASD *YCa8 SAKE"; 3THEK- 

KISE TYPE S - 3 ' 

** ** 

** D173 CCEPUTEH ** 

** SI2&UII33 PEZ&EAH ** 

** ** 

** DAT£= 01/24/72 UK: 20.10.14 ** 

** «* 



<£ETE£ PES52AH5 



** PHISsSUi CF I2PUT PHSGKAH *» 



S 3I2VRT 2UTPUT PKCGSAn 



PH<SE> KUD5> FS\G3? EZtCZ-} FILL 

44C1323I E3 4002 I C3 2 Z3 43351333 EZ '.0041005 E3 40351000 £2 433S1C3Q £3 

40071039 £3 40101000 £2 43HI333 £2 43i2!333 £3 40151C00 c!5 40002200 £5 

CL 201 LGC CC4GC-330 £C Etnas} SiCSVL HZSCA.S) HHtCSJ 

PRMF?> 



V^ 



»ff KZSULTS is? sisuiaticz « 

SIGSL 03 - i&OzS SILL 5£ T5A.CED 

EASTES BESET EESBE5CE 
PEEPAEE TJ CPE2A7E K-SSE 
SY5C BIT C&3ZXEE 1 ET-DE 
SYEC BIT CCUSTEH 2 Z30E 

2C4)*0aJ0(IJ " IDLE «S-::SD£ 3? 2&*XhL HALT 
PEEPAHE 13 CCEPU7E SE3-K22E Or EAEUSL HALT 

CCEPUTE E3i>E 

7EA5SFE2 IS57BUCTI2S - CTHA) 



2C24-IJ : 003 
CLEAR c. A52 I: 
A<24-U = 303 

&I5ART SUTruT 

a? as? jot? in 

AC24-1J : 053 



303 103 C-53 030 053 303 008 
:<7ScCTIC3 - CCLAJ 
350 IG3 330 333 033 003 003 

"A~ IPSTEUCT-CS - GCiJ 
C-2 LIEE Gi3 CE *1 

COO 013 000 350 COS GOO OQO 



EIIKKT SBIi'UT A ISSTSiXTISS - iBCAJ 

SIKHT SliTPUJ CZi LIZE 513 Z? +1 

AC24-IJ : 033 SOS COS POO 303 003 COO 303 



BiaSY OUTPUT 

sjsasy output 

A<24-I> -ill 



A ISSTSwCriHS - tBKSJ 
05 LISE C»! SF -i 

ill 113 333 C33 333 333 300 



c 



85 









^V^-aV/C*" V 



I 6 



o 



GE/SE/72-7 



5 



it 



c 



sizasr cot?ut a icsTsacrij::; - gso 

olSiET OUTPUT C3 LI2E GIO CF +1 

ACJ4-13 = CC-D 033 0-70 020 S20 OSS QCC C-33 

31 SET C3T?U7 "ft" ISSTEiCTISI - 6SS3 

Bi^AST cai?BT ra USE CIS CF -S 

ft 124-1 > = III HJ no 033 030 030 033 000 

SISSST C3TPBT ".A~ I2S72GCTi:» - SSS) 

biset south c: use gio sf +1 

ft«24-:> = 020 503 C-33 C-3-5 CO? 353 330 C-33 

51ES2T CTTPUi "a" iSSTEKTiCS - ©€S> 

3i=SET 0OTPU7 CS USE SI I CF -I 

A {2-5-13-= 111 111 110 COO COO 333 033 333" 

Biasf C5HPU7 "a" ISSTSUCTiC-Z - GCJ) 

Birxsr c«jt?«i a; us eio c? +i 

AC24-D r 0C3 033 e-33 €-33 033 030 COO 033 

El":»ST C3IPUI "*" 1SS7SEC7I22 - GCSJ 

SIS&ET 23TPUT C2 LI=E Gil SF -I 

A 12*- II = Hi IIS 113 COS 333 353 533 333 

siasr cei?oT "a" zzsisezucs - gs) 

E-riST rSIPBT C3 USE £15 sf ♦! 

A€2-:-I> = SC*5 OS'S 333 333 323 353 533 030 

ESLT A=3 P2S3EED lZSiEZZilZS - fef?23 
F22SSLH HALT EJjJZ 



TC ESS A2S7KE2 ?ErC2AS IT?E ~EE= ; 72 TIC? I7r 






** E23 5F PS£S2£3 
23.lS.Si .SIC? 



:i~=.r 



.£53 <EC 
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Exaanale Prograa Siuaber 6. This ezaaple is a progras roiich 
uses the voltage output Instructions (VOs.'/GBjVuC) 233d shows 
the voltage output capability of the simulation, progras. 5o 
interpret the voltage output listing, the reader should refer 
to Pig. lh in Appendix C. 

The flowchart for this exascle is as follows: 






I 3 






E t 



C 



1 



22(0M) HS{02i) B3{GS) Eb*(OH) 



Load 
Frcgrasi 



I 



Sceeu^xons 

Alleged 

20 



K(3US} 32(03} 



CLa 
A<s-G 

MS 
P(3-l)=001 




no 
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Tersisats 
run 
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O IF CUIPUT IS TS BE DISPOSED TS PRIHTER. TYPE "p" AM) *YCUR KfgfS 3TKEE-I 

WISE TYPE H - S _ . , ^z^- I 



f, & 



It 



t 8 
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** B173 CgsPUTES 

** • SIMULA TICS PROGRAM 





CESTER PR8SSMS3 



** PRiSICST OF IEPUT PR5GEA3 ** 



S V3LTA8E £U1PUT P3SS3AH 



PR CSS) fi?(C^> FSCSSj EUC23J FILL 

45017200 ES 4*020201 E-3 40055G90 E5 €4 02 02 G 2 ES 50000032 EK 

CL 20! LGC CL ES CL 200SGG ES EXEC €0325} K(RUS> iiRCCS) 

PRCSFF> 



** RESULTS OF SISULhTICS ** 



ES. OF EXECUTIONS SPECIFIED = 
PHASE REGISTER - PC3-!) = 001 
VKS-1> = OOOOGOGO ifiTK A VSLlk 
VOLTAGE OUTPUT IS 03 USE V03 1 
VIC 8-1 >= OO&OOOOI UITK A VSL7A 
VSLTAGE OUTPUT IS 08 LI HE V31I 

vics-n= ooaoQOio with a vclta 

VOLTAGE OUTPUT IS Sit LIKE VDI1 
VK5-I)= 03330011 aTK A VSL7A 
VOLTAGE OUTPUT IS OH USE VS11 

vics-i>= GDOooioo hith a volta 

VOLTAGE OUTPaT IS OS USE V01 1 
VI (8-1)= 0000G101 SITK A VSLTA 
VOLTAGE OUTPUT IS SH LIKE V01 ! 
VKS-1> = 00000 110 WITH A VOLTA 
VOLTAGE OUTPUT IS GU LISE VSU 
VI(S-» = 00000111 KITK A VOLTA 
VOLTAGE OUTPUT IS 811 LII;E VS!i 
KO. OF EXECUTIONS HAVE EXCEEDE 
TO RUH A BOTHER PRC&RAH TYPE "?. 



20 
SE OUTPUT BF 
GE OUTPUT OF 
GE OUTPUT OF 
6E OUTPUT OF 
GE GUTPUT OF 
GE OUTPUT OF 
GE OUlPUT SF 
£E OUTPUT OF 



1 



?J0. SPECIFIED - 
US*"; TS STOP TYP: 



.00 VOLTS 

.15 VOLTS 

.31 VOLTS 

.47 VOLTS r 

.63 VOLTS 

►78 VOLTS 

►94 VOLTS 

.OS VOLTS 

- PR3SRAH TERKI SATED 
i "HALT" - HALT 



** EKD OF FRSGRAH 
20 .45 .04 .STOP 



EXECUTICa TlriEr 



►771 SEC 



89 



^^^»*^?£ , V 






GE/EE/72-7 



n 



Sxagole Prograa Kuaher 2. This prcgraa is an ezaaple of 
a prcgraa ithich uses all the shift instructions Of the 
317B cosputer instruction set. Mode tracing and register 
display are used in the compute Eode only. "~ 

2fce flowchart for ezasple prcgraa no. 7 is as follows: 



32SSS 



12(0?:} KB((Sf) FS(CHi) £3(01!) 



Lead 
i"rGgraa 



X 



Erace 
Eodes 

DiSBlay 
(Ala) 









K2«S 


_,,. ■< 


» 


CIA 


k*-7SQ03? 


Shift Ho. 


as 3 


ASS 3 


sal 3 


SAH 3 


SIL 3 


S3L 3 


ssa 3 


S32 3 



I 



BP3 



/ » 



r3(GF?) 



STOP* 
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IF CU:rU7 IS 73 £E DISF3SED 13 P?.IE7E3. TYPE "?" A3D "TCS3 KS£*: CTK 

mse type a - s 






** 

** CIS CSSPSIES 

** SI5JLA7IE3 P2CS2&3 4* 

** ** 

** SAT£= 01/24/72 HE: I9.36.2S *» 






** 



** 



«^^*S^«*S-««*ais**S***ft***»»«.SJi*****-*y*»4«*5**»*»**«. < ^t**e 



-*E3TE2 P2S32AHJ 



*«= P222TS3T C? I3F37 P22SS3J3 #* 



SSI FT P23S2SH 



P2CC3J S(SS) F£tS33 £V«3> FILL 

443IG231 £E 53322235 £3 32253234 £S 23342335 £3 030533-35 £3 

333S2495 £3 02372S35 ES 33133433 £3 03ii5i0o £3 43332*33 ~3 

Ct 201 L5£ 03153357 £3 F1C2SL EESsSIEHfci S> £<E322 23{S2} 

P6CGFF) 



o 



i* 3£55= IS ir SIE3LA71C3 

SIG3&L S3 - £32E£ *4LL 3£ T2JCED 

SXS7E2 HESET S25UES3E 
PEEPASE 73 S?E=A7E S3DE 
ST3C BIT C£237E2 I SJ2£ 
ST3C 511 CCU3IE2 £ iiZUE 

C«j';JC2J3C»J ' IDLE SlS-isSSE SF EtSSaS. HALT 
P2EPAEE 73 CS~?B7E S5=-r:32E rF EAZSAL HALT 



CCEPUTE KSE 

7ESESFE2 52STS2C7IC2 - C72AJ 

SC24-1) = C33 333 III SIO 333 023 31! 11] 

Ci£43 * AB3 !=S72g;7IS3 -tCIAJ 

*€24-l> = 033 303 li! 5i0 373 033 311 111 

ACCK31A7S3: LEFT SHIFT i:5T2£C7iC3 - <ALS) 
AC24-!) = Oil ill 333 333 331 111 1>3 035 

*CCUH3L»7?2 2IGJ7 SHIFT 15S7SS57IC3 - «=S> 
A<24-1> = 333 331 111 133 SOS 033 HI 110 

SPLIT fiCCK5!^i7i2 LEFT SXiFT I337S»S:TIB3 - CSAU 
.".C24-1) = 03i 1!! 133 307 733 111 HO 353 

5?UT ACCS3.1AT32 25 ST SHIFT ISSTfSSTISS - <SA3J 
At24-IJ = 3-33 331 HI 137 733 033 11! 113 



c 
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S?iII LEfa ^=D l£F7 SKIFF IRJIHiCnsa - «S1>.3 
AC24-1) = €31 Ill 103 53? ?33 05? 231 119 

S?LI7 21 ST S2=3 L3L-I SHIFT ;2SIHECTI?3 - CS2L5 
A €24- 1 J = 331 Hi 333 03? 723 111 119 C33 



ffUI 1^?T 2223 EISx SHIFT ISSlSSHSS - CSL21 
AC24-:? = 033 021 Si: 337 723 II? 515 223 

SLIi sIfHr SK5S 2H€?T SS2F: iSSTHESTJCS - CS22) 
AC2W3 = £-33 032 IJS 157 732 553 151 M3 

E*LT «S3 rHSEZS aSFiHSIIfS - *H?H3 
F£3S=A3 SSi.7 ZZZz. 



t 

i 

* 

X 
-I 

i 



T& 2uS A£ZsS£2 FST^SUi TSFZ 223 ; 73 S3£? 7¥?£-™H«5 TSSis 



!$.«.» .53.S7C? 



£XECi!T!9S M«S= 



.517 i=C 
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71.' Conclusion 

A software sinulaticn prograa of-tfter&nutesaai D17B 
Computer sas written to simulate the funsticns~of the D173 
coaputer. She objectives of this simulation isere to have 
tile simulation prograra simulate the actual cespater as 
closely as possible. 2his objective uas set because the 
sajordtv of the X&73 functions have 'teen. included in the 
sinulaticn prograa. !3ie loading and interaction functions 
of the nancospute scde have been used. In ihe'cozpute isode, 
fee searching, reading and siting Eesory, and instruction 
execution are all pert of the simulation progress.- Uherever 
possible, the sase algorithm isplersnted en. fee W.73 ssas 
used in *2ie simulation program. 2his approach resulted 
in sose inefficiencies in the siiiulatiea prcgras, but a 
by-product of using the sase algcritha is that- i3ie simulation 
pregran can be used as a teaching aid for learning 
the operation of the D173 computer. Also error detection 
vas built into fee simulation prograis and has been very 
helpful in creating prograa tapes for the 1>17B computer. 

Bccossasdations for IQture Sfady . There are sojss 
I>17B computer functions tSsIch have not hzea. incorporated 
in the simulation prograa. T=so of these f unctions are 
associated Kith real t-ise control processing and include 
the capabilities for incresental inputs and fine count- 
down operations. 

She D173 cosputer is capable of detecting and 
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H 



h 



O 



incrementally adding bits of inforcatdon to the uoras of 
the V-loop and E-loop without prograsf control.- " Also roien" 
the EPC (ante? fine countdown) instruction is executed. s the 

1 - 

ccssuter goes into the fine ccuntdoisi isode. In fee fine 
countdown scde, the v-loop and U-loop are linked together 
foroing a digital integrator* rchieh operates without pro- i 
grass control. 

The ineressntal input and fine countdown "isode func-_ 
tions listed aho?e irould be important if the simulation % 
sere to be used for real tise control, — Sisce-this Tsas' not* 
the original purpose of the sisulaticn ppegras, these 
functions ara not included, Houe?er, the fine countdown 
instructions (E?C-halt fine countdown and £?C)" and the - 
instructions vsiieh store and unload inTcrssticij froa She 
7-loop and 3-lc-op are a part of the simulation progr-sa. 
Also, a subroutine for storing incremental data supplied 
by the user into the V-loop and B-loop* is a pert of the 
simulation prcgra-a. Sis incremental input and fine* count- . 
dosn 52ode capabilities described above are isroroTOsents 
that could be added by a thesis student tsho is researching . 
the area of real tise control application? for the DlTB : 
coaputer, » "' 

Another reecssendation for future study iiould. be the • 
creation of an assembler for the Di?3 computer , : The assea- * 
bier could be yrit&en for oxjeration on tfto CDS 6500 conputer. 
She assembler would accept as input a prcgraa.«ritten in 
Di73 masonic coding aud output on punched tape a nachine 
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: language version of the program. This nachine } t mgc3c e 

prograa on t&£ punched tape could £hen he supplied as data 
> to both the-plTB cospater and- the siiaulaticn progras. 
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Printout or Simulation Frogr a a 
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T§»IS *£»SICS.- ;« tilTt-X IE T*£ F£CtSa». £Xf£s3*£ L£1£9SC€ «* 

use ca r=c ixISSCSs: stste- o? a crc Mia wus* $t$T£» 
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c 
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t 



:st£«£% ;i3«, s€, ci«, c?i5i. cm*., cox, cc%s£etz*.2i. crest 

2«-T£5£* 3131, C-r, •■-, ^«ei. sT, FI41, fS, 5131, KCU, SIH, f{3 
IfKS-? »*«-. »f3*,«, 315=??=, ^SJ«I, =£«XSI=, »I, «, S»f»» 

!=i?sf? sscx. a. *ir«,«i, t», «, xci5,i*i, xi- xs, ts2%,3-i. ti 

»Sil£K1 =J , S1-»Y, ?«, *S r CT, ?*, «!«*«., T, S^if, ISIC, all?*, »H1 
yi*?V?Z2n V5S.-5!"1 9 I-CSl. **»S1» 9lI5TCl=l 

g g r^ s - a, £-», cct«, ?»!=££, ta, e, =i», f. *r, », 212*1, x*£? 
s^i.«c= H2-1, *(:2t,2ri, »-c2ai, tesi, criis, ■w, ns^inii ?*«£ 
Cffs-rr 3», SI53U. *, 1£*?ST, =>«Stc, ■»*, »«, S£C», (., 9, »I» 9* 

cr=r=: x, xi, *, ti. -sisksc 

CC*-8=/— JXTXT CST, K-C, C»£, 14=Cfl?) a XSC271, CUV, KTCrM, 
1 "St=£*^, «SC«?53C, »«.£« 



1*2, !•*=, tl-C, 
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i r !~;5'^>»i-= r .-»sS2*»l «3'£t*,?»r*l X2» I? - 

I«'fBIJ><K* , .€'!.Cii;ei» S3IT£CC,2?-:1 12, 13, 15.TC3CCIH, 11x1,21 
SK> 22=1,22 

= tt*J,!21=^I^:S 

3C lc Illii 

zr s«iii*»i 

xi*Ti*jj**c*f=i3=«>»>ss 

15 «1T£IS,25351 
x*mc%,25351 

3:23i?,2s::i an^rtu 

IFi:erc<l)lil«££.?c» S» tc «2S 
2; srril£l5,2:»51 
a»S?»f*,2»»Sl 

-;.*«•<« I=*7»SFF 
VsMLT 

c 

si ??i5t~,2^-l«-=^C«;i'i,ISsl,»l 

K*ST?i*,2:2:u-5is=Eati,:i=i,9i 

irt3I5>5«t-£5.=«i:ei» «I*£I5,22*S1 CkiC»3IHl,Il*J,n 
IFII3T?>2«£l.c^.lJ» a 'SC3fFl 1 *9 10 35 

:rcjtv>»Di;i.Ec.i2>*e 1 to u 1; 

«ctoi; 

75 »*5IJ* 5 

at*>lT5(^*2 r 2?l 
*=*Tri*,2 ; '2Sl 

C 

cy.-it-n ••«sa;« i T?s-ii«ita c* I3««t mix 

»ssr-ci,?am cxn*ztm m zi*x 9 *& 
ir«w.-5>iisi-r;.i» , si s?t?« 
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SIS 
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SIS 
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SI9 
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sie 


IS 
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at 


SI* 


12 


SIS 
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1% 


SI* 


as 


SI* 


lft. 


SI- 
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SIS 
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SIS 


19 


«I- 
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51* 
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SI* 


23 


SI* 


2% 


SI* 


25 
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2ft 
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Sl- 


2S 


SK 


-2ft 
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35 
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31. 


S2S 


32 


sir 


33 


SIS 
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SIS 


35 
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39 


SR 
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52 
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3.-35 rC^WTI* a;rp« 5 e TO 0=£»*T£ SCfE»» 

?;i= Fr%atf sr« »it cc-jntt£» i acre-i 

371S FC=«27I» S»3C -IT rcsmlsir 2 <tCCC*t 

UlZ ft^J 1 '"" Ct*l»C«l5fll» ICt? SU«-!-CCE 3T SlHiH *«L»»1 

332S -v^riTl- CC^l>CI?lC(tl* ICl£ Sin-rCTS CF SirUM. NHI«| 

35?; =C'-i7t» !•«=■» CC< S'J=-K:C£ OF XlMUl MLT«I 

Vtt r55*:3 C * °*- =i *= T C «-C»- S35-SC3E OF MXStL MSlI-1 

23*5 FR-«Tl» =I%1'CI2ICC11 JE1£ SUS-SCOE CI sss-m. MUM 

?:65 fp»s»ti» ifcoirr e^sc»»i 

3t7? FC^"«T|» e?£»i^£ tc Si^PJ.*' SVE»I 
i^5 rC=T«2TI» 52":=L£ CCTc -?Cn£»» 
rC--?*?»» -;-=*TT Ct-£C< ";3Cr»| 

OC7»|.»l 

t.CC*TICS»l 



-*-?" r c^.ti T, i» =»3cc£ss ccr* 
?r=? Fc-Trsn* =--;-33 ccri 



"X*-r.Tf« ?»2-;£?i CCS£ - FXLL«1 



-access rc-rs - *i»irr»» 



o 



3i:* ~c»-rTc« 

'115 *T--21f. ?^CC£S5 tCK - S7aiT70 COS-PITS*) 

3it5 FC»-i7l» =S5-;£S5 CC3£ - £*!£»•» 

312? Frerstf £ST£^ - icj.£ SCT-rt>2£ c«" FILl-«»IFT«] 

iSK ^c-irsri* -tT£= - wj-; S£zqc» 53=-i:cr£ OF rm-IH>M<) 

-*-* -rn*3l! !SK " ^ S " 2 "-'- T * S -3-==E CF FIlL-lfi'.IFT-l 
X 1 -? : C ^- T «* --=> l £- - SX££^£ SW-rC3£ CF FILi-jr,^,., 
2ii. rC=^iTC» =;«*ss CCT= - Cl£*«"1 
-1*5 -C?atT|» »%^iSS CfC£ - 0«1.EI-«1 

3i^; *c»s£»i» =ta?TT £^kc»«i 

31£S FC*!i»l» ?3C^sa- FXtf i»0O£*l 
CCTST«» ««^.-»ol£ »c*.£ •'C'-aT STX?£r<r K t« 

*:c-i rraraf i« »»i,s-£* itsrs'jCTZn - i»»a>^ 

«"1 *S»»*r7l» T3;s.?y=^ CK -I5-J< IV£74oCTIC» - «T*IJM 

* e -2 c^r- T |» ct-»» i irr *ssisoci3ci - «cx.«i«i 
-•*:? FCi.Tiri* iic ns'stxiiCa - <«m«i 

SV"l=at7 I^I-B«-IJ03 - €SC"»»1 

S=t:i 35-7=1.7 Z5.S7=mics - (SS01«1 
••ilT l~2 FS3-«3 ?=S7*3CIIC». - f1?a>«l 
v-'J FC*tXH» rC?=l£-£S.T Z%SI<l.CTtCS - ICCTl-l 
^I^ ^^Kl- -SICJ5 -i'^:l7CS£ I3S7=LCIie* - €=«-»•» 
%--SI FC>-iT|- LCSICi'. SS.^ TO iCCCSSl27W 3»ST?cCTJ.-r - C*"»'l»l 
iall FC=t:2T|. «*£T :£7rCTC9 I^S^aCtTCS - (>SC1*I 

«« «t=-*ti» ^siri»r co=ji -a- Iwtuctic* - «»^ai»i 
*:i- *r»riic» ->ns-T :wtr -r- i-sci^^rica. - is3«i»i 

»IS5=T CUTP-gT -C- 3l$T»OCHC». - tSOCl*) 
"*^S^£-£ CC7=oT J-CSTJ^CUSK - |]J|)>) 

:i?c»£i- 3"C9a7 -s- ^.!i«:i% - t3j:i*i 

2*:C-£T£ Js.-3iT -=- Is.S7*iC»It». - f--»I«l»l 
«CLTS6£ Cb7?37 -£- IVSIiLCUCi: - (IJlfi 



-7 «r*=27i» 



*"*15 FC i -S7|« 
^■•iy 7C="-i7t« 
*319 rc«-s7t« 



%319 FC^Titl- *2L1=C= C«a3T -«- I«I9|.CTICK - CfC'IM 
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*;*i ?e*ciii» tcs? =H4<r *:6isi£» xssracrxca - eiF*i-» 

*?22 rC»«TI» £■«!» ?J>£ CC5TSTCC3T4 I«i»«CJI<W - fSFCI«» 

%=23 FR!!»TI» --JtT Fill C3U375CWJ ISST^UCT'CR - €MFC1»1 

*53«i ?«=JLT|» «tl» CC-W»£ t II*IT IXSTSCCTICS - «SCl»»» 

*125 Fe=«H» C=«'5CI£5 CflFUT 2RST4UCTICR - CCO«»»* 

*C2ft ft-IriTt* £CC3-5M.»TC» IEFT SHIFT I»SI-tCTIC3C - Iftgq 

*327 =«*2TI» aCCnSJUUC* =IS»ir SHIFT I*«T=CCTXCIt - !***)•» 

«20 FCW2IC* S 3 !.!? «CC«ma»TO» L*F7 Si-IFT IkSTRUCTIC* - CStLl«> 

*rz« fcw-ii* s^Lif arrusenTc* axc-i shift vsrsactxe*. - tsui*i 

*33S FCaiMI« S*LIT t=rT «>D ISFT SRIFT IVSTJttJTTJCa - ISLU*) 

*»3i FCSRSTf- SH-IT 2XSfeT »«C IE*T 5KXFT !*ST3CS7XCK - €5*4.1 "1 

*?52 FC«!£7C* S?i;T IEFT *5« =X«:.i7 SMFT IfcSI?!XTICK - (SM»*I 

*i?3 *C»":iTt» 5?tI7 ^IJHT S0« ^ISR. SS-IF1 iKSTWTTISai - fS3»«l 

«■** FC^iTt* -IU.TJ»tr XKS?2*JSIICR - c«r»«» 

*225 FC=R£7C» •HB.7«»I > T R0-31FXf3 XSSIxCfTZCl - »SRR*«I 

S.23*. FG»?;«7C» SrtSI rOiTilY XSST^VCTXCI - ISRF1»1 

*237 FC*»*TI» S*L2I S3lTI»LY XCSIF3C0 IHSISttHCM - tSMl'l 

4£3s fc^s»tc» sic** - -icseriLaiei issiauc.xc* - tsroi»» 

%?59 FC*»-£Tt/,» CS=>OT£ RC2E«» 

%3« FC^!*TI» FUC STO^E*! 

*3*1 FCa-*Ttl"t I 

*3*2 FC»S*Tf • ?-iSS£ s^SISIZa *- NMIs •»3I« 

«*3 FC2-iTI« uISCTSIE C«T*rr 11% 0*»I2»*C US » I" SOT»CT SI6«l»» 

«t* «-c**tTf» 3iscs=i? **x**w as e?F - sxscfete o&ifitc #*£ cis*elec*> 

*r*5 FC»-*Tt» X-DISMETE I-s=»IS OS££ M*e SXCEE3E0 t«0££ SXPRlXES - US 

IT T«LU£S SIRE* «IU. 3£ OS£9*I 
*.3i* FC*ir»I» T-3TSCSETE KFuIS USED Kt»E 'XCEEKC TROSE SCRRlKC - L*S 

2T y~LO£S <".l!i£* -XU. 3? US**»» 
*3*7 RCKATf* *ISS=T CrtSiCTSe COTFUT - ••«Cl a 3X.«»fXXKCXML CM««CT£S 

1 CUTFUT - •,!« 
*2*» FFSUTC* ?Xsa^T C"*MCJ£» COTrtJT - •,«Cl»2X,*»£*ICECZ!'-l 0«M«CTE» 

J C37»i>T - •,«» 

*:S2 tc^si.l* 3X31=T 0C7?-3T 3* IXli C».I1."» OF «l»l 

*»51 FC»-STt» »J13-11= ".SSl,* SXT* * «LT*« COIHT CF»,F7.2,« TCLTS S > 
*r$2 FC»"^TI» Y?c;-I»= »-,J5X,» <3Tn » *3LTS6E CCT*CT 0r»,F7.2,» VC11S«J 
%-S3 FC««*-*€» »2li-M* • S 3CS« S *I7K A lOLUCH CV79CT "Or* ^7.2, • »«.T5»» 
i:»* FC=M17«» T»S »-aSt 5£":XS7£* IS XK 7HE ISl£ CC*X6t»*TICSS KC «CtT« 

is«" cu7«or*i 

*2i e rC^«7C» 5Ct7i5£ CUI»37 X£ ZX HSfS tC^tll.^S'S 
ilS* FC=-S7l» »O.TSC£ CSIT^rT IS C^ ll*« »C - ,IX»*1»1 
«5? «"C*t2Tf» *CS.I*;£ CIJI?a7 IS C* LJK* *C»,H,»2«1 
*5$S •'CSJ'iTI" »5Lti-S= CB7FX7 I? C^ LIE* *C"»I1»»3»1 
*:?• ^C^-itl- i T»ia?F=» 13 1C7 S».lC=£r *C l-3£S, T-» C»- ?- ICCFS - F« 

I5f.i- 7£^tI3XI£3»J 
*34S rc«-*7C» T«£ X-ISST^a'TIO. ^ECUESIEC IS KOI XX MSTWCIIC»-1 
ECO 
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3*« IK;5/1IU, U*. IHJ, IMS, 1KB, JW r, l»c, { hi . f lt . ¥# irf? , 
3ST* Z£»0/33/, CK-tlir, MltfS/^M^cacn/ 

a*« w/i--a, i-i, i«., «*, t. N «, in,, SM5 lt§7 

J % a s: a s& "■• "*• *** — «^ «? 

«» S^S^T''' * l * ,aSS '»"«'» WJ«B/«/ 4 saWtN / 
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Sl=»SCOIIa«' STCtt£ 

WT£C£* SC2*I, CMSK, CC3E, C3*F£6«2*i2), 32, Sf9), EH, FC*1, FC 

wt£c*-? "tisi, on, «=, f«K, a(~*,«i, assist, s«:i.si», h* zk 

IKT£C£* S?C2l, SECT,- SISK1L, O, Vt2«,%l, VI, », X( 29,19), « 
ItTSCE* TC2«,13I, TI, Z£s»C, CIS»CS£ 

CtsrtC": S, C"2r, C9CS, C9r=SC, T3, E, EM, r, FC, «i 112*1, IFEG 
CCsaCK LI?t), 2(12e,22», M26), MC9L, E?L*S, *»*, MMJVJCTJ), FWASE 
CCKKC*! S-!, SIS41L, », S>£6IST, SECISTa, m, »c, sect, o, «, *i, m 

CCSKOS X, XI, T, TI, GISFCSE 

C01"!CK/.1S3tTe/ C«, ZE?E» CKE, K»£SS1S), MSC27), KcLMlK, SCCK-ft, 
1 3L*A«»£:s, tSFJKK, &I6CS 

IFfCfelSI.E9.21) SO TO 5 

IFIO£X.E?.c2.0».SH£X.E9.2?.CC.CM2a.cC.2»l CO TO 1 
-IFfC"±».E-?.2>.S?.CK±.-l.£C.2S.34.CKtJl.£C.27.Ca.Ott<I.EC.25) M TC £9 

IFtCH23.S9.25) SO TO 15 

IFICHSti.£«».33J SC TO 35 

2Ffc».E9.CS) 60 TO 1 

xeiTE«,l-3» 

SfSir*-f*,1.3) 

*FL»e*i 

»ETWW 
1 j5*Ll IU9 

•£IU»« 
5 IFfSS.Ea.OD FO T0 1 . 

*=IT£ 16,119) 

MFJT£Ifc,113» 

»Fl*e=l 

4ETMM 
IS a?IT£fi,i:51 

K?IWf*,lS5) 

Sfftacii 

*TTC»3 
15 T2*-C0tSE9T-l,*)«l 
IFtFC.c9.il SO TO 25 
"C*ZE*9 
DC 2f Il=i,2* 
CC2£=«.»«It) «2»W« U,I21«VK 
;FfVfIl,!2).?S.r:£.£lC.*<Ill.£C.C»El KsOSE 
IFfVfIi,:2i.-».2£39.1t9.XfIl).E».ZEFCl ¥<=2KC 
*«I2,221*?£»0 

iFtEerE.E^.i.^.csE.iC.j.c.cc^E.Er.s-M-ccsf.Ha.ri *cii.izi-=o£ 

2S CCarine 

21 IFI=£CI$T».E9.5 •£T9*JI 

=£6IST=?RECI91 

CStl *£62 

2S 1C 3C 11x1,2% 
2£ 7tU,I2)zlfIl) 

SP TC 21 
25 IFfFC.E9.ll SO TO 55 

I«.s-CSISES?-1, »»1 

12*1 

I2»ll 
*t 3X*2*PJ0 
3C *5 11=12,12 

CCX-^'Ulti^Z *fli,l«.)*« 

IFC2lIl,IM.£C 2vr.ST2.SfIll.E0.ClS) =K=0*£ 

XFI3fIl,lvi.£» 2£=C.*'SC.at211.£9.2ES0) *<*Z£*C 

IFCCCCE.EQ.1.0 .CSr£.E0.2.CK.CC9£.£C.*.0«.C93?.£9.71 SfIl,I*lsCK£ 
*S SCSTIHOE 

IFfI3.£0.2« Sf TO 53 
22=1* 
12*2* 
CO to *9 
59 IFt»££lsre.E9.3 SFTWUI 
•£62ST*x9£6(l£) 
CStt 8E«:2 
55 'ETons 
1-" FO="iTl» STCVS£ C1TJ3T T*<E ?IAC£ IK CSS.3 S2CT.SSS CMXSElS IF COt 

13-STC»*S£ *-ITE <«TC« IS CFF - £*C?*A« 7£=3J3*TfD") 

US ?C»r«t» >TC?*;E !S «iT *Liez£? 2* SI«-«J.£-10CFS f£,I,L, C5 CI - ?* 

1063**! TI «iaST£0*> 

115 F«-iTt« STC»«t -SSS9T TS«£ SHC? IX CtXHXO. 52 Jr 325C4STE SKITC 

v* 1$ cff - «:fur te^siut£o«i 
«*9 
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iuT£cr» cc»n, c»sjj* cose, cos=£st2*,2i, 32, =tei,"E«, fc»i, fc 

IS.T5SC3 "C1S1, CS, ,C3i,.!»l-aS£,. 3f?*:*I, 3£SXST, ?=SI5T*, -«'• « 

!Kres?e sm;>, s?ct. sicest,.'!., -y<2«,«i, »i," %*, sii9,t2», M 

It:fc6=* T<2*,Ial, TI, 2£?C, -3ISPOSE 

cc«we« a.-CMSK, ccrs, C3-a£S, : o?,^c, £«» f»-fc, m, ii2%i, ioe* 

CC»WS LC2M, Rtl2e,211, M2«>, fcCCL, KFL*C, W, «.lOF9f7?l, «USE 
CC«!C^ 5?, SISK4L* *» 'cCIST,. »E0ISTS, 41, »K, SECT, M, V, TrI, 1« 
CC--C1d> X, XI, *» TI, 3ISFCSE 

ces-cs/RS?*Tar r», 2=«o, c«£,- k*££C1», wnm t saMtf ocor-a, 

1 Kl»*ES, 9K»at3H, XIKSS 

COS*£Cflls2£»0 
30 X 11*1,2* 

l2*SMirTtca-*=siu,ii 
i crs'£Siii=«»i2,»t2S-2in 

XFIC«A3.£S.21» SO TO « 
IFIfKlS.E1.221 68 TO 15 
XFCCH*-.££.23I CO TO 2t 
XFiCH£f.£C.2*l SB TO 25 
IFirKS1.£3.251 CO TO 3t 

TFcea.cC.on co to 5 

"5I»ITE€5,1H1 
K»ITEf*,li31 
*L»C-1 
-TOWi 
5 JIIS£C»»CS4-J*C0-«£eCll 

snn 

ti XFIu9.eO.CXl CO TO 5 
*»IT£«5,1*51 

w*<:tf<*,i?S) 

!tFl*C*l 

*TWR- 
15 I2»"-C5IS£CT-i,*l»l 

FCZZlsCOaSsCIU 

3£SXST*S*ESf«a 

SO TO 25 
23 I2sr0iCSSCT-l,Ml«l 

MtI21=C0-»=Slll 

2fcisTs«mst»>- 

SA TC 35 
25 X?=rC3l5£CT-l,Sl»X 

= CI21=CCR»£6IS1 

S£CI?T»«rtC»» 

SO TO JS 
2S OsCC=-=5«l» 

5£SirT*«E6l5l " " 

=> xrieicxsT».rc.t» sjmrai 

C*ll »£C2 

VHP* 

; i FCVUlf COl? <IO=XK ■»£:»£»» CisstT ?£ L0iC£3 IF Ml^-STO^tE **IT 
IS SSIT&I IS SFF - ?*C4«- TR-?33T£C»1 

a:s Fc-5s*Tt« --*sr jtc^sc? yja ciM«T »£ ica?£? if 5XSC3ST* s-irai is 

1 CFF - »?3a« IE5»!ia«£0«» 
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SI- 


191*' 


SIS 


1915 


SI-- 


191* 


SX* 


1917 


sir 


1510 


sis 


1919 


SI" 


- ISM 


SIB 


1921 


Sm 


1*22 


sm 


1923, 


sm 


192* 


sm 


1925 


SIR 


1920 


SI* 


1S27 


sn 


1929 


Sm 


1929 


SI*! 


i«e 


sm 


1S31 


sm 


1932- 


SIR 


1933 


sm 


193% 


sin 


1935 


SIS 


1*3*- 


sm 


1937 


sin 


1939. 


Sir. 


1939 


sm 


1549- 


SI» 


M*l 


sm 


19*2 


sm 


19*3 


sm 


19**. 


SIR 


19*5 


sm 


IS** 


sm 


19*7 


sm 


19t» 


sm 


19*9 


sm 


195C 


sm 


1951 


sm 


1952 


SI- 


195? 


sm 


195* 


Sis 


1955 


si*; 


195* 


sm 


1957 


sm 


1950 


sm 


1S59 


sm 


19SC 


sm 


15*1 


sm 


19*2 


sm 


1953 


si- 


19S* 


ss» 


19*5 


Sir 


195* 


sm 


15*7 


sm -" 


19SS 


sm 


19*9' 


sm 


19TS 


sm 


1971 


sm 


1972 


sic 


1973 


sm 


197* 


sm 


1975 


sm 


197* 


sm 


1S77 


sm 


197* 


sm 


-M7* 


SIR 


ISM 


«I<! 


19*1' 


sm 


1992 


sm 


19«3 


sm 


19S* 


sm 


1995 


sm 


19** 


«m 


19B7 


sm 


15M 


SI^ 


1919 


sm 


1S9C 


sm 


1391 


jsm 


1992 


sm 


1S9? 


sm 


199* 


sm 


1SS5 
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sw 


*w*» 


SIS 


1«&7 


SI!" 


1*M' 


SX« 


X999- 


sr- 


- ,2SM, 


SJ? 


- Z»l 


St? 


ZitZ, 


?I« 


Z3»t 


-sir. 


233*. 


SIS 


ises 


'£!«!" 


2SSS 


S«- 


war 


SH 


-2330 


SI"! 


«ss 


SIH 


251* 


Sir 


2S11 


SIR 


2912 


SI* 


• 313 


SI* 


251* 


SV 


2315 


SI* 


2*1S 


Sit 


2917 


SI- 


ill* 


SI" 


2*1* 


SI' 


2120 


SI* 


2*21 


Sir 


2122 


Six 


2CVJ 


sin 


ra* 


$R 


2J2* 
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SO??B»JTl»r 9ISC*?I 

CCrr-CC S3, *I?-»JL, % ?£SIST, S£CIST«. «, *«, SO, C *. Si. ■* 
CCS-K X. XI, T, TI, 3XSFCSE •».-»• _li, I* W, M, IX 

r«5i-<fc/.-:-r:*T«/ a», k?c c=s, ^e«3i, -w«7i, aam, «cora>, 
1 __ "*54»£«, Janet, *i«s 

£OT3Y 2ISX 

XI*XI>1 

Trtxl.5T.131 co TO 25 
1 MC3l*«C3L»l 

TFC*r/~ .SI.721 •fTUN 

IFCSacs3iK:ctl.=S.«.9*««a CC TO 5 

SO TO 1 ' 

5»1S 11*1.19 

Xf2;.-!l,XIlzZ£*a~ 
1? a£OLsK3(.*l 

l e J=tc»ciKtts.i.=«:.«.5tia«ci so to « 
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SFCTXCl.ST.T*! 4CTe»4 
I«-fSK533:«CCtl.£S.ta»a«» »ST0>« 
50 to 2? 
25 *?r««s.i;*i 

a»ITEt%,1^51 

SO TO 23 

?rrar 0«ST 

T*xV»«l 

inn.ST.ljl 09 TC 51 
ZZ «OLscC3t»l 

IFtaC«S..ST.T21 4£TS»1 ' 

IF|«S5=2l56C?«.J.£«:.fcU-ser M j c T9 35 

SC TO 3.8 
25 3T %S Il-i.2* 

Tf25-Il,TXls»r«8 

»Ft»rry;cfC.Xl-=-s.En.S!W SO TO *3 
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SC T*> 22 
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69 TO 23 
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Sir 
51- 

SI- 
SI«! 
sis 

SI«! 
SI'S 

sin 

sn 
sn 
sis 

SI* 
SM 
Sir 
£W 
SI* 
sir 
SI- 
si- 
si- 

Sle 

SIR 
SIS 

sn 

SI* 
Sir. 

SIS 

Sir 
SI- 
SIT 
SIS 
SI- 
sir. 
SI- 
£ir 

SI«! 
SX-. 
Sir 



SIR 
52* 
SI- 

sxe 
si- 
31- 
si* 
SI- 
Sir 

s-- 

SI- 
SIS 

st- 

Sir 
SIS 
Sir. 
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«H3~* " " SI" 

SI* 



2«2»- 

IKT 

2S2S 

2329 

2S3C 

2*31 

2C32 

2333 

2?3* 

2935 

233* 

2S3T 

2S30 

2*31 

2t*S 

2S*1 

2?*2 

29*3 

2i«« 

25*5 

?:** 

25*7- 

2»*«- 

23*9 

2»t 

2251 

2352 

2*53 

255* 

2355 

2=5* 

225»- 

2359 

2^9 

2SS9 

2»1 

2»*2 

£:S3. 

IS** 

25*5 

».** 

23*7 

22*9 

287* 

2J71 

2272 

2»73 

257*. 

2875 

237* 

2577 

297* 

2*79 

23M 

2Ml" 

2392 

29*3 

2t9* 

2395 

29»* 
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s »e is xisi.z* 

9l25-Il,TIS=2t«9 . 

ii 3C0t*fcCTt*l 
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SOT 


-2M» 


sot 


230* 


si? - 


23M 


sot 


2390 


sis 


2241 


SI"" 


2192 


sot 


2591 


SI"! 


229* 


SOT 


2*95. 


SOT 


239C 


SI* 


2?97 


sx= 


2»90 


SOT 


229* 


SOT 


215? 


SIB 


2111 


SI? 


2102 


sot 


2153 


SOT 


225* 


SOT 


2105 


SIB 


21M 


SOT 


2197 


SOT 


ZiM 


SOT 


2109 


SOT 


2118 


sot 


2111 


SXS 


2112 


sot 


2113. 


SOT 


211* " 


SXK 


2115 


SI" 


2110 


SI- 


2117 


SOT 


2110 


SOT 


2115 


SOT 


2120 


SOT 


2121 


sir 


2122 


SOT 


2123 


SOT 


212* 


SOT 


2125 


SOT 


2125 


SOT 


2127 


SIP 


2121 


51* 


2120 


SOT 


213C 


SOT 


2131 


SOT 


2132 


SOT 


2133 


«W 


212* 


SOT 


2135 


SI? 


2130 


SOT 


2137 


SI» 


2130 


SOT 


2139 


SOT 


21*0 


SOT 


21*1 


SOT 


21*2* 


SOT 


21*3 


SIX 


21** 


SIS 


21*5 


SOT 


21*0 


SIR 


21*7 
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Dl?3 Instruction Set 
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CODE 

ADD 

ALS 

AHA 

ARS 

BOA 

303 

3GC 

CLA 

CQk 

CGH 

Dlk 

DIB 

DCA 

EPC 

HFC 

HPSx 



¥195? 



BSD 

SAL 

5CL 
SLL 
SIS 
5HH 
SKP 
5ilL 

S5u 
STO 



DBSC2IP?ICH 

Add 

Accumulator Left Shift 

Logical And to Accumulator 

Accumulator Bight Shift 

Binary Output A 

Binary Output 3 

Biliary Output C 

Clear and Add to Accumulator 

Character Output A 

Corplesest 

Discrete Input A 

Discrete Input 3 

Discrete Output A 

Enter Pise Countdown 

Halt Fine Countdo:-sn 

Halt- and rroeeed 

Load Phase He^ister 

Kinus i Magnitude 

Kultiply Modified 

Haltiply 

Heset Detector 

Split Add 

Split Accuaulator Left Shift 

Split Accuaulator Hight Shift 

Split Compare and Lirait 

Split Left Hord Left Shift 

Split Left iiord Bight Shift 

Split Kultiply Modified 

Split Kiatiply 

Split Kight Hord Left Shift 

Split Bight b'ord Ri^st Shift 

Split Subtract 

Store Accumulator 



KUKS3IC CGDB «05D TIKES 

00 22,s -. . . 
40 42,s 
00 32, s 
40 10, s 
40 12, s 
40 02,s 



44 c,s 
00 40,s 
40 46,s- . 
-4«=52ts- : 
40 50, s 
40 26, s 
40 62, s 
40 60, s 
40 22, s 
40 ?-,s 
4C 44, s 
34 c,s 
24 c,s 
40 20,s 
60 c,s 
00 20,s 
00 30, s 
04 c,s 
00 24, s 
00 34, s 
30 c,s 
20 c,s 
00 26, s 
CO 36, s 
70 c,s 
54 c,s 



1 
s+1 

1 
s+1 

1 
1 
1 
1 
s+1 
1 

1 
1 
1 
1 
1 
1 
1 

13 
13 
1 
1 

S+l 

2 

s+1 
s+1 

7 

7 
s*i 
s+1 
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CODE 


Urn ».g*.^-i— A -£..£- <.--• 


SU3 


Subtract 


sa 


Transfer on Kinus 


TEA 


Transfer 


vo.4 


Voltage Output A 


V03 


Voltage Cutput 3 


YOC 


Voltage Output C 


— 


• 



anwara 1 cnsfe- scaD TIES3 

ip c,s^ -_ i 
50 c,s i. 

1*0 3QjS 1 

40 32,s 1 

40 34,s 1 
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BITS Load Codes 

HALT - This load code causes the DlTB^to'srop accepting 
data and enter the prograa halt jsodel "'.The aanual 
halt ocde will be entered if the compute switch 
is set at the Halt position. 

COSFUTS - This cede causes the conputer to go to the normal 
halt sode of noncospute. The cenpute Eode Kill be 
— entered if the eospute switch is set at the 2un or 
Single position. " " '—' ' - " 

FILL - This load - code "0" sets fee fill/verify flipflop 

(o 3 >. 

VKffTFX - This load code a l" sets the fill/verify flipflop 

(o 3 ). 

LOCATE - This code causes the contents of the Loser Accus- 
ulator to be shifted into the Instruction Segister. 

CLEAR - This code clears fee Lo::er Accumulator by filling 
it t*ith all zeros. 

DEISTS - This code causes no action. 



O 



EKTE2 - The action produced by this code depends upon fee 
setting of fee fill/verify flipflop. fc"hen this 
code is first deciphered, fee contents of fee 
Louer Accumulator- is transferred into fee Accus- 
^«tor. 
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If 3 is -0- set, then the contents of the Accu^ 
ulator is stored in the neaory locajjon addressed 
by the Instruction Hegister. ^ - 
If 3 is -i- set, then the contents of the Accjca- 
ulator is compared Kith fee contents of fee asaory 
location a*5ressed by the Instruction Begister. 
The last action of this load code is to increment 
the Instruction Segister by one. 
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Fig. 12. Discrete Outputs (Sef 4:23-8) 
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Fig. 13. Binary Outputs (2ef 3:57)- ! 
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Foreword to Appendix D 



A software simulation program has- heeiu3??itten -which 
simulates the functions of the Kinuteean D17B computer. 
She structure an3 organization of this simulation prograa 
is describes, in chapter II of this thesis. r i?he D17B simu- 
lation language is presented in chapter III, chapter IV 
contains a listing of the erroi 1 statements of the simu- 
lation progras, and chapter V is sade up of ezasple pro- 
grass -which Here run on the simulated computer;: . 



This appendix contains information for using the Di?B 
computer sisrolation -program at APIT. Procedures are given 
for accessing the simulation prograa froa a teletype term- 
inal. Information concerning the use of program tapes 
and external progress files is also included, A condensed 
version of the Di?3 simulation language is given followed 
"by the listing of a sethcd for creating a shortened version 
of the simulation language. 
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ProceaVjres for llsing the 
D173 Goaoater Simulation Pro.'n'aa at APIT 

The D173 cosputer simulation prograa «as written to 
be used froa a teletype te rra r;al. Procedures for operating 
a teletype terainal are contained in the Intercoa 2 Ref- 
erence Easual (Bef 3). 

The simulation progran is available on the CDC 6600 
Computer Systes as a permanent file. KHSIHDIATI02 is the 
permanent file naae. Only one version of the progras esists 






so a cycle nusber need not be specified t&en attaching the 
permanent file. Koifever, the prograa was catalogued as 
CY=1. The sinalation prcgran requires less than 40S of 
RSHory to execute on the 6600 system. The aajority of 
progress ma en the simulation program require less than 
5 seconds of central processor tine. 

P roration fron a Teletype Teraisal . To access the singulation 
prograa froa the teletype terminal requires the user to 
L03!:I vrith the 6600 co-spti^er. Procedures for doing this 
are contained in the Intercom 2 Reference Manual (Bef 3: 
Chap. 3, P. 5). After* login has 'oaexi successfully corapleted 
the teletype prints out 

CCK&'iliD- 
The user -dill respond with 

ATTACH JiI~A'i,HKUiiICiATIv'Si,;-a=l. 
to cake the sisiulation prograa available for his use. The 
systea «5L21 respond to tiiis request by typing the tice and 



S-i 



MMH 



b*c•~** ?; ^* , ^-5v? ^ --*"-'vS :> T^J , 
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the attach request followed 'by 

CGS3&KD- ' 

The user sust decide if he wants the output to be printed 
at the teletype or if he -sants to dispose the output to 
the batch terminal line printer. If output is to be 
printed b>~ the teletype the user should respond to the 
cceaard with 

CCKKEC?, IliFu'J 5 , OUTPUT. 
If output is to be disposed to- the high speed printer the 
user should respond vjith — : ,,„ _>r, -—"■ " 

CCiniSGT, IIiF3T,TA?3£. 
The systea i?ill process this request and the teletype *?ill 
print the following: 

CGHKsHD- 
The user should respond iiith 



n 



r\ 



tshich pats the simulation progras into execution. Ssring 
execution of his data the user should respond to any Eessages 
that appear at the teletype. ¥hesi the user has finished 
running prograsas he should exit the simulation program by 
specifying HS(C-FP) and respond to the message: 

*TG HUH HSCSSEB. I3QG3AK T3l?3 'SUM 1 ; TO STOP TITS 
■HALT 1 - 
by typing 

HALT 
The systea responds isith the nessage 

■BSD o? pscsaas:" 



»-2 
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H 

n 
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and prints the aaount of execution tiao used. n&s-jfHl be 
followed by 

CeSsHSKD- 

If output .s to be disposed to the batch terainal 1<tm> 
printer, the user should respond Kid 

DISPOSE, 0U2PS2, P2=ET7. 

followed by the JJ&CST procedures contained in the Intercom 
2 Beference Manual (3ef 3:Cfcap.- 3, P. 3-6). 

If output is not to be disposed-^«G--«as^4in3" printer, 
then t2ie user should folic* the procedures for LOGOUT. 

Using Program &ks, rrogras tapes c^n supply data to the 
simulation program. 5he data on these tapes is entered by 
the tape reader located at each teletype terainal. Sie 
prograH tapes can also be punched at the teletype terainal. 
Procedures for punching and reading of prograa tapes is 
contained in the Xntercoa 2 Beference i^anual (Bef 3: Chap. 2, 
P. 7-9). 

Prograa tapes which i?ill also Le run on «ie D173 com- 
puter oust be isritten using the ASCII representation described 
in chapter HI of this thesis. Elai&s, Jine feeds, and car- 
riage returns are ignored ^ the D173 computer tape reader, 
so these symbols can be punched on the tapes. This allocs 
the pro^raa tapes vhich vill be run on the Di?3 computer 
to also be executed "by the simulation prograE. 
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Psin% External Files . ThO files can be established in the 
CDC 6600 conouter imich will supply data in the" ASCII rep- 
resentation to the sisrolation prograsu The files East have 
the Bases of T&rE2 or TAPS3. They can ba created at the 
teletype by entering SETUP vhen the teletype prints 

CGEKAliD- 
The user responds Kith 

S2?0P. 
The~teletype will process thi8 cossand and print ibac!: 

HE* 02 GID HEXS— ►« — ^r " "' ' 

The usei> should ^ype 

KEfe T /TAtE2 or H3J/TAPS3 
The teletype will respond with 

BEsDX. 
The user can proceed to write a prograa in ASCII represeiita- 
tion. Bach line of the prcgraa zsuSt be proceeded by a line 
nuober. Procedures for creating programs in SSTu? are con- 
tained in. i5ie IK2EECCS 2 Reference Kasgal (Bef 3: Chap. £). 
The last syiibol supplied Bust be the letter *I3 B . This syi>- 
bol signifies the end of the progress. Also the SAVE direc- 
tive should always be given at the en3. of a prcgraia. 

To use the progran created on TAPE2 or 2aES3, the user 
oust provide an argument to the simulation prograa contend 
IsHalJ. KHflH{2) will result in the reading of the data en 
TAPS2. KjinK(3) causes fee simulation prcgran to read the 
date froa TAPE3. An exanple in which data is read fron 
TAPE2 is as follows: 
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(EIlTEa FHOGBAR} 

JB(C3) IsR(OH) Sj{0=0 PS{OK) hH&9{2) 

2*E(03J) K(3oK) 

13(0??) 



I 



« i : 



D173 gesaotar SisaXafciga . Prwaas I^S^ge. A listing of lake 
simulation Issguage is as follows: 

Octal nusssrs - 0, 1, 2, 3, ^, 5, o, ? 

3inary nuabsrs - 5 1 
load Codes - KAL5, L00a2102, FILL, VF3TFY 

i?hen CC2&L is specified, input nust "be in Octal rep- 
resentation. When 3Ut*2i is specified, input Bust be in 
Biliary representation. 3fcen 3S?&2i is specified, input crust 
be iii ASCII representation. (Default is GC2&L) 



Cct?,l 
Bstsresentation 


Binary 
Sasrasentaticn 


ASGXI 
Beuresentatlon 


Himbers - 


10000 





i 


C0001 


1 


3 

2 


00010 


2 


3 


10011 


3 


fc 


001C0 


* 


5 


10101 


5 


6 


10110 


6 


7 


00111 


7 


load Codes - E&IS 


01000 


8 


IOC&TI01J 


uooi 


9 


FJXL 


11010 


Z 


V22IFX 


01011 


• 
» 


COHPUSg 


11100 


< 


525152 


01101 


=r 
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CLEAR 01110 


>\ 




DELETE U1U 


? 




— - , 


-«r^' 




S*?itch Sasse 


KneEonIc(Settin&) 


Switches 


- T3"1t»2 Signal 


T(OH) 


• 


Pc^er Ozj/Cf f Switch 


J2(o:i), IS(GFP) 




Initiate Load Switch 


FS(03) 




Kaster Beset SiriLtcb 


15E{0H) 



Cold-Storage Hrite Sisiteh SS(CS), EU(OFF) 
Discrete Switch DD{Ca), I5>(GF?) 

Kechanieal Input Switch IK(CS) 
(Default of these switches is 0??). - . 



Cononte Koae Snitch 



E(HAX£), S(SSSXS), 
K(BU3) 
(Default of this switches is EAI3?) 



«. » 



I 



Display - A binary output listing of assy of the follow- 
ing registers or loops «ili be given *henevei 
its contests changes, if it appears as the 
ar;ru2ent of the BESI332S consand; 



?i?2egoaic- 



Register or Loop 



s« 



ccumuator 



O 



a 

I Instruction Hegister 

L Lexer Accumulator 

K leuaber Begister 

P P-loop 

E S-loop 

B fi-loop 

U U-loop 

V V-loop 

B E-lccp 

Example: BSGISjS3(A,Z,L,N} 

ESC-IS2Sa{AIL?i2?UIIV\S} 
(Ko. cf arguments can vary fros to 10 and cost 
be one of these given above) 
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The contents of Eeaory Kill be given .as output 
.Tshenever a ZSEG2Y cosssad is given: 

KEH0HY(GC-2AL) Kexaory duop will be given in 

Detail " —= rr -^' 

K3HC3Y(3I!5h2Y) Hesory duap Tslhrbe given in 

Binary. 
(Default is GCT&L) 

Discrete Inputs - X(19 bits as argument) 

Y(2*3- bits as argusent) 
Example: X{1 000 000 101 iii 110) 

z(iiioeoiiioooiiioooiiiooo) - 

Incr-enental Inputs - v(2^ bits as argument) 

B(2*r bits as argument) 

Exasple: Y(0000 0001 0010 0011 0100 0101} 
HCCOOOilll iillOOOO iOiOiOlO) 

Kisceliajieous - 

SIGiiAL - Each tise SIGIIAL is U3ed, it flips the 
representation frea to 1 or 1 to 0. 
SIGNAL is at the beginning of the 
progran run. Uhen SIGHAL is 1, the codes 
of the ceaputer vzill be traced. 

ESECUTS(xxxz) - No. of execution cycles in the 

compute Dode can be specified. 

Exanple: 2£SSU33(00l0} 10 executions 

£SECU2S{9999) 9999 executions 
EXSCU2B(0250) 250 executions 

(Default is 50 executions) 

DH - m flipflop is =i" set. 
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VK(O) - VK flipflbp is "0" set. 
V£(l) - VK flipflop is «1" set. 

2K(0) - BK flipflop is "0* set. 

£K(i) - BX flipflop is "1" set. ~ " " 

B3IEITI&LIZ3 - Eesory is initialized, binary output 
flipflops are set to +1, and dis- 
crete input counters are set to zero. 

Shortened Version of Simulation Language -- One following 
listing contains the simulation language words i&ich can be 
shortened, the interpreting letters, -scd-aarasaaple— dr 
a shortened version: 



Simulation language 
words which can be 
Shortened 

HAL? 

JJCQLTlOJi 

FILL 

VE3IFi r 

C035»B22 



I-! ( 



CLE&E 

DELE3S 

0C2&L 

BEIARY 

EH&H 

SIKGLB 

mm 

BS5ISTB3{arg) 

KS3Q3Z(HZ!l£3Z) 

12HCBX(GC2aL? 

SIGNAL 

SCECU5S(Arg) 

SEIKISI&LIZ&3XC3 



Interpreting 
Letters 

H 

L " 

FI 

V 

CO 

31 

CL 

D2 

O 

B 

KM 

S 

B 

BS(Arg) 

HB(3) 

1S{0) 

S 

EX(Arg) 



Example of a 
Shortened Version 



LCC 

FILL 

VES 

COS 

£H 

CL 

DEL 

0C!P 

BIH 

KEAJ? 

SING 

BUS 

BSG(Arg) 

KSH(B) 

KEH(O) 

SIG 

EXSC(Arg) 

BEUilT 



K ^ 
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